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bone graft is brief, to the point, and clearly advances tlje author’s views. Tlic remaining 
portion of the book is devoted chiefly to the various uses of the bone graft in rather rare 
cases, such as the insertion of grafts to take the place of bone tumors that have been 
removed for malignancy, and loss of bone from other causes. Ingenious methods are 
advocated for the use of the bone graft to replace bone in congenital absences of bone. 
The use of the bone graft in plastic operations of the face is also discussed. For the 
correction of leg inequality, the author cautions that leg-lengthening i.s at best a liazardous 
procedure. He describes the operative arrest of growth of the epiphysis by using a bone 
graft across the line to close the epiphysis. The author’s arthrodesing bone-grafting 
operation for the knee is, in reality, merely an erasion buttressed by two bone grafts. 
After the knee is prepared, another incision is made over the crest of the tibia to receive 
the bone grafts. Evidently, Dr. Albee has no fear of contamination of this wound from 
the one in the knee. To most surgeons, this would seem a definite danger. Tlic author 
believes that future arthroplasties may be attempted even after arthrodesis for tubercu- 
losis and, therefore, plans his arthrodesing operation accordingly. Arthrodesing liono- 
grafting operations for the small bones of the foot, ankle, and shoulder arc well presented. 

This book is filled with interesting material and, backed up as it is by the long ex- 
perience of a skillful, resourceful, and seasoned orthopaedic surgeon, is particularly valu- 
able. The frequent claims regarding priority, and the use of the personal pronoun are 
at times a bit irritating, but the fact that this field of stirgcry has been .steadily advancing 
and has gone far beyond the early dreams of the workers in that field, ns mentioned by 
Dr. H. Winnett Orr in a foreword, is due more to the industry and devotion to its cause 
of Dr. Albee than to anyone else, and the reviewer would be the last to withhold from 
him even the least of credit. His work has been an inspiration to all surgeons working 
in this field and the book places tljcm even further in debt to Dr. Albee. 


The 1940 Year Book of Industrial and Orthopedic Surgery. Edited by Charles 
F. Painter, M.D, Cliicago, The Year Book Publishers, 1940. S3.00. 

of The Year Book of Industrial and Orthopedic Surgerj’ is 
evidence of the recognition of the development of this specialty in recent years. Proba- 
y no branch of surgery has developed to a greater extent in scope, progress, and the 
recognition of its importance than traumatic surgery’. This development, together with 
the growth of orthopaedic surgery, has added a large number to those who occupy them- 
selves with these two closely allied subjects. The recent advances in this field have also 
simuated interest among a large group of general surgeons, who will welcome the in- 
ormation m the form presented in this volume. With this new addition to their scries 
0 ear Books, the publishers have recognized the expansion in these branches of sur- 
gory and also the common interest of the orthopaedic and traumatic surgeons. It was a 
a deSe grou^ surgery in this presentation, for they form 

Hi, have been fortunate in obtaining Dr. Painter as editor of this volume 

enaorsement and judgment ensure its scientific and practical character, 
rtptcd orthopaedic surgery, represented by the present ac- 

''•Idch demanfm ""P"rtant hone and joint affections, many of 

tte advances “‘'o 6‘™>> “ sufficient detail to demonstrate 

although nerhan^s ™ 1 '“™ “'“' 0 'I' The smaller and less difficult, 

thor„u8hne4 ana are presented with the same character and 

l>enemi!l!«‘'‘' have kept in touch will, the literature will find much of 

heen able to follow th" thorough and clearly expressed, and those who have not 

whjccts in a firm of a W T tl "'f' ^formation on these special 

ninepapcrshavlten efecld ’’“'V “O'* "oventy- 

e been selected and these are supplemented by 299 illustrations. Opera- 
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CALCIFICATION AND OSSIFICATION 

I. Calcific.vtion in the Callus in Healing Fractures in 

Normal Rats * 


BV MARSHALL R. URIST, M.S.f, BALTIMORE, MARYLAND, AND 
FRANKLIN C. MCLEAN, M.D., CHICAGO, ILLINOIS 

From the Johns Hopkins Medical School, Balivnore, Maryland, and the Department of 
Physiology, University of Chicago, Chicago, Illinois 


This and tlie following paper present the results of histological ob- 
servation of the progress of calcification in the healing of experimental 
fractures in rats. The observations have been made upon fractures in 
normal rats on adequate diets, and in rachitic rats subjected to various 
experimental procedures for the purpose of controlling calcification, and 
the correlation of this process in the fracture callus with the same process 
in other parts of the bone. 

There is an extensive hterature upon the microscopic anatomy of 
healing of both accidental and experimental fractures. Wieder Bast, 
Sullivan and Geist *, Blaisdell and Cowan and Downs and McKeown 
have described the healing process in animals maintained on adequate 
diets. In the past, studies of calcification have depended, as a, rule, upon 
the staining reactions of decalcified tissues, or upon a combination of these 
and roentgenological techniques. Examples of the latter are Ham, Tis- 
dall and Drake i®, Goisman and Compere and Compere, Hamilton, and 
Dewar®. These methods, while adequate for study of the advanced stages 
of calcification, have not been reliable for observation of the details and 


time relationships of the earliest stages. 

A new approach to the study of calcification in the callus, and more 
particularly of those phases of the phenomenon which have not een ac 
cessible by previous methods, has been made possible by the loutine e 
scribed by McLean and Bloom for the sectioning and staining of unde- 
calcified sections of bone. Since previous knowledge has been deficient 

* This work was aided by a grant from the Macy, Jr., Foundation, 

t Henry Strong Denison Scholar for 1940-1941. 
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concerning the earlier stages of calcification, and since the methods here 
employed are peculiarly adapted to their study, the chief emphasis in these 
papers is upon a detailed consideration of these earlier stages. 

The authors have found that the relationship of calcification to the 
development of osseous tissue is the same in the callus of healing fractures 
as in other examples of osteogenesis. This idea is not new, but has re- 
sulted in the past in carrying over to consideration of the callus errors of 
observation and interpretation made originally upon growing bone. In 
textbooks of pathology and in studies of bone repair so jg gtated 
that the formation of calcified bone in the callus is preceded by the growth 
of osteoid. This study will show that the new osseous tissue is calcifiable 
when it is laid down, and that under optimum conditions a preliminary 
stage of uncalcified osteoid is not typical of bone formation in the 
callus. 


METHODS 

The observations in this and the following paper are based upon 
microscopic studies of tissues prepared by five different routines. Rou- 
tines 1 and 2 were used for all experiments; 3, 4, and 5 were employed in 
particular experiments which required special methods. 

] . Tissues fixed in Zenker-formol were embedded in nitro-cellulose, 
decalcified, and cut serially at ten micra, stained in hematoxylin-eosin- 
azure II, or hematoxylin and eosin, and by the Mallory-azan method. 

2. Tissues fixed in neutral formalin were embedded in nitro-cellu- 
lose, sectioned serially, and stained with silver nitrate, hematoxylin, and 
eosin, according to the routine described by McLean and Bloom 

3. Frozen-dried tissue “ (frozen in liquid air and dried in a vacuum 
at 30 degrees centigrade) infiltrated with 60-degree paraffin, were cut un- 
decalcified at 15 to 20 micra, and impregnated (a) with 2-per-cent, silver 
nitrate followed by thorough washing and counterstaining in hematoxylin 
and eosin, or (b) with 40-per-cent, silver nitrate, and studied immedi- 
ately after washing in water. 

4. Unfixed, hand-cut sections were impregnated with 5-per-cent, 
silver nitrate, dehydrated in alcohol, and cleared in xylene. 

5. Tissues stained supravitally with 2-per-cent, sodium alizarin 
sulphonate were fixed in neutral formalin, sectioned manually in 50-per- 
cent. alcohol, and cleared in isosafrol. 

Fractures of the right tibia were prepared by destroying the conti- 
nuity of the shaft about one centimeter under the secondary spongiosa. 
The technique consisted of grasping the right tibia between the tips of the 
index fingers and the thumbs and bending across the lateral diameter until 
the cortex snapped as would a glass tube. The cortex ends were replaced 
in a position as noi’mal as possible. In most cases there was no laceration 
of the periosteum. 

Iso attempt was made to immobilize the site of the injury oi the 
animal. 
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Diagrammatic representation of deposits of bone salt in tibiae of growing rats, 
fractured at the age of forty-nine days. The rats had been fed on Bills’ diet. 
Vertical hatching represents calcification of spongy bone, and cross hatching, 
calcified cartilage matrix. The light broken lines represent the usual limits of 
the epiphyseal cartilage, spongiosa, and fracture callus, respectively. 

Fig. 1; two days after injury; Fig. 2; four days; Fig. 3: eight daj's; Fig. 4; 
twelve daj's; Fig. 5; eighteen days; and Fig. 6: union at twenty-four days. 


EXPERIMENTAL 

Fifteen litters of normal rats in addition to numerous individual 
normal rats given fractures as controls in other experiments, were used in 
these experiments. All were weaned at the age of twent 3 ^-one dajAs to 
Bills’ 2 stock diet. At seven weeks the right tibiae were fractured and al- 
lowed to heal for varying periods of time. Included within the serie.s were 
healing fractures fixed at four-hour intervals during the fir.-^t da^', at 
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Photomicrograph (X 8) of longitudinal section through fracture of undecalcified 
tibia of rat after six days of healing. Subperiosteal and subendosteal new bone 
are in contact with fibrocartilaginous callus, which is everywhere uncalcified except 
at points of contact with new bone. Rectangle indicates area of Fig. 8. (Silver 
nitrate hematoxylin eosin was the stain used for all sections illustrated.) 

twelve-hour intervals during the second day, and at daily intervals there- 
after until the twenty-eighth day. 

The typical course of the healing of such fractures, considerably over- 
simplified, is illustrated diagrammatically in Figures 1 to 6, and may be 
briefly summarized here. The first reaction to the injury is essentially a 
sterile inflammation, which is the consequence of trauma and hemorrhage. 








if 


IG 

Photomicroeranh (X 94) of section through new bone originating from Perio^ 
pnotonucrograpn (, a na; ,.p,.+on(rle in Fig. 7. Po indicates periosteum, and 
teum, from area indicated by lectangie m xig. fnrmntinn of bone in 

shaft, is fully calcified, without osteoid borders. 

the jooknae of bone and joint subgeby 
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At four (o ciglit hours afU'r Ihr lione is broken the defect is filled and sur- 
rounded by cxtravasaled Iilood, hemorrhagic debris, and inflammatory 
exudate, including lcukoc3'-tes. At tAventy-four hours there is reparative 
new formation of connective tissue, which is at first ordinary granulation 
tissue, in the sense of jMarehand but which continues to proliferate, and 
to form dense fibrous connective tissue. A part of this differentiates fur- 
ther to form hjLalinc cartilage and fibrocartilage, and a part remains un- 
differentiated. The new tissue as a whole is here called the fibrocarti- 
laginous callus. 

At the same time that these changes are taking place in and near the 
defect in the bone, formation of new bone begins under the periosteum and 
endosteum, at some distance from the fracture line. This new bone in- 
vades and replaces the fibrocartilaginous callus, and leads to bony union at 
about the twent3’’-fourth day. Whether or not cells arising from the ordi- 
nar3’- connective tissue of the callus have osteogenic potencies, cells aris- 
ing from the deep or cambium layer of the periosteum, and from the en- 
dosteum, play the greater part in the production of new bone. Repair of 
fractures depends upon a variety of cells and of reparative processes, with, 
as will be seen, considerable variation in detail in the manner in which 
calcified bone is produced. The process as a whole is an excellent ex- 
ample of organization of diverse means to a common end, — in this case the 
healing of the fracture by bony union. 

The Procallus 

The procallus of an injured bone, as described by many writers ^ is 
noAV recognized by most investigators as identical with the inflammatory 
and early growth reactions to injury elsewhere in the body There 
haA’’e, hoAvever, been suggestions that a “local calcium excess ” in the 
early callus stimulates osteogenesis, which implies that deposition of the 
bone salt precedes rather than folloAvs formation of bone. 

Undecalcified sections of twenty-four-hour to forty-eight-hour frac- 
tures in normal young animals, stained with silver nitrate, fail to disclose 
deposition of bone salt in the inflammatory tissue. The initial blood clot 
is replaced by granulation tissue by the third day after the injury, and 
without hyalinization or calcification of any of the fibrin or hemorrhagic 
debris. The procallus thus becomes the fibrous callus. 

Ossification 

Once the initial inflammatory reaction to the injury is completed, 
resulting in the formation of a fibrocartilaginous mass in and around the 
defect in the bone, the essential process is the invasion of this mass from 
without by osteogenic tissue, and its replacement by bone. The picture is 
complicated by changes Avhich occur AAuthin the callus prior to its invasion 
by bone, and by numerous variations in the detail of the invasion process. 

Ossification begins at some distance from the fracture line, where 
there is a relatively slight primary reaction to the injur3L Here the pic- 
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ture of the first step leading to bridging the fracture defect with new bone 
is that of uncomplicated intramembranous bone formation, originating 
from the deep layers of the periosteum and endosteum, and forming a 
collar of new bone around and within the shaft (Fig. 7). This new bone 
elevates the periosteum and endosteum, and forms a new growth which is 
wedge-shaped in longitudinal section, with the thin edge of the wedge 
farthest removed from the line of fracture. The new growth of bone 
reaches the callus, which by this time has undergone internal changes, in- 
vades it, and eventually replaces it with spongy bone. 

So far this is a conventional description of the healing of a fracture. 
At this point, however, it must be emphasized that the intramembranous 
bone just described is calcified as it is laid down, and that under optimum 
conditions for the repair of bone is not seen as uncalcified osteoid (Figs. 
8, 9, 10, and 11). There is first formed a fibrillar interstitial substance be- 
tween the cytoplasmic processes of osteoblasts proliferating from the deep 
layers of the periosteum and endosteum. When first seen these fibers 
are rather loosely arranged in bundles, and may be slightly basophile. 
They are quickly transformed into a dense acidophile and homogeneous- 
appearing substance, in the meshes of Avhich the cells with their communi- 
cating processes remain. At this stage the cells are bone cells, or osteo- 
cytes, and the interstitial substance is bone matrix. Calcification begins 
while the collagenous fibers are still loosely arranged, and before they have 
assumed the homogeneous appearance characteristic of bone matrix. 
The bone salt is usually seen first as isolated granules, the trabeculae later 
becoming uniformly calcified (Fig. 9). 

A delay in calcification may occur. In addition to the many in- 
stances in which we have demonstrated calcification beginning simul- 
taneously with the deposition of bone matrix, we have seen a number of 
animals in which in some areas of the callus there was a stage of uncalcified 
osteoid tissue, which later became calcified. On the basis of the histologi- 
cal findings, this was almost to be classified as a minimal form of rickets. 
These findings could not be correlated Avith the diet, as littermates receiA^- 
ing the same diet did not display osteoid, and none of the animals shoAved 
other signs of rickets. As AA'ill appear later in this paper, aa^b attribute this 
sporadically occurring lag in calcification to an insufficient local supply of 
bone minerals, rather than to lack of calcifiability in the matrix. 

The size and structure of the callus AAdiich has replaced the procallus at 
and near the site of injury and the amount of cartilage included Avithin 
the callus depend, to a large degree, upon the extent of the initial injury, 
and upon the amount of trauma to AA'liich the site of the fracture is subse- 
quently exposed Gliicksmann has shown in vitro that pressure 

and tension stresses contribute to chondrogenesis. Young animals 
dcA'elop more abundant cartilage than older animals Rats dcA^elop 
more cartilage in the callus than do guinea pigs AA'ith identical injuries. 
We found cartilage in the callus in each of more than 400 rats with frac- 
tures of the tibia, and in seA^eral litters of rats AA'ith fractured ribs. In our 
experiiuents the fragments of the tibia AA'ere not immobilized, and no at- 
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tempi was made’ to rontrol the activity of the animals; consequently callus 
formation, including formation of cartilage, may be assumed to have been 
at a maximum. 



Fig. 9 

Photomicrograph (X 390) of tangential section through the junction of the perios- 
teum with bone, in an area similar to that shown in Fig. 8, after eight daj'S of 
healing of a fracture of the tibia in a rat. OPo indicates the osteogenic laj'er of the 
periosteum; Cob, the zone in which new bone matrix, (oS) is being formed; aP, 
radiating bundles of collagenous fibers in process of formation and of calcification 
of subperiosteal bone. There has probably been a small amount of leaching of 
bone salt from lightlj' calcified matrix in zone Cob. 
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Fig. 10 

Photomicrograph (X 80) of section through fibrocartilaginous callus in tibia 
of rat, after ten days of healing, shows invasion of hypertrophic cartilage by new 
subperiosteal bone. In this instance, which is exceptional, the process closely 
resembles that of intracartilaginous ossification in the embryo and m the growth 
of long bones. Cartilage is calcified in advance of invading bone, and there are 
suggestions of a primary spongiosa. There are no osteoid borders on the bone. 


Cartilage appears in the callus from the second to the fourth day 
following the injury, by which time subperiosteal and subendosteal bone 
formation have begun, but may be at some distance from the fibrous mass. 
Small cartilage cells, comparable to the row-mother cells ® of the epiphy- 
seal cartilage appear within the mass of fibrous tissue. They arise in the 
fibrous connective tissue of the callus, undergo frequent mitosis, and pro- 
duce cells which form nodular masses of hyaline cartilage. The nodules 
increase in size, and in part coalesce. Each nodule contains cells in vari- 
ous stages of development, with the more fully grown cartilage cells ar- 
ranged generally toward the periphery of the nodules. Owing to the 
fusion of individual nodules, sections through the mass as a whole include 
cells in all stages of development, ivitli the arrangement of the cells within 
the nodules obscured. In the final stages of development the cells increase 
in size, the cytoplasm becomes vesicular, and the nuclear chromatin is 
reduced in amount. In this stage they resemble the cells of the calcifying 
embryonic cartilage, and the cells of the zone of provisional ca cification ot 
the epiphyseal cartilage (Fig. 10). They are referred to as fully grown , 


hypertrophic or vesicular _ 

When the new bone advancing from the periosteum and endosteum 
reaches and surrounds the fibrocartilaginous callup the latter consists of a 
„'ass of dense tissue, composed in part of undifferenriated connec e 
tissue, in part of fibrocartilage, and in part of the hjmhne , 

dl^cribed. Invasion of all these tissues occurs simultaneously, and ad- 
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Fig. 11 

Pliotomicrograpli (X 44) of section through periosteum and fibrocartilaginous 
callus in the tibia of a rat, after ten daj’s of healing of fracture, shows invasion 
of hyaline cartilage and of fibrocartilage by new subperiosteal bone. Po, indi- 
cates periosteum; fC, fibrocartilage. Immature hyaline cartilage is being re- 
moved and replaced by bone, bj' the same process as that in removal of fibro- 
cartilage. In some areas calcification of cartilage matrix precedes replacement 
by bone, but along a wide front immature hyaline cartilage in the process of 
removal is calcified onlj' very superficially. No osteoid borders on bone are seen. 

Vances centripetally from the periphery of the callus. The general char- 
acter of the process of invasion is essentially the same for the different 
types of tissues to be replaced by bone, though there is considerable varia- 
tion in detail (Figs. 10 and 11). 

In general the character of the invasion is that of intramembranous 
bone formation, but differs from the uncomplicated process just described 
by the fact that here a considerable amount of tissue has to be resorbed. 
The bone matrix formed by the invading osteogenic cells frequently in- 
corporates cells of the fibrous tissue or of the fibrocartilage, and utilizes 
them as a framework for the formation of trabeculae of spongy bone. . The 
intervening tissue is resorbed and replaced by blood vessels and the primi- 
tive marrow associated with osteogenesis. The newly formed bone ma- 
trix is calcifiable as soon as it is formed, and begins to calcify at once. 
There is, however, no random calcification of fibrous tissue, or of fibro- 
cartilage as such. The great mass of the tissue remains at first uncalci- 
fied, and is involved in the calcification process only as bone advances 
into it. 

Where hyaline cartilage is encountered by the invading tissue, the 
general process of invasion is the same as that just described, — that is, 
there is new formaton of spongy bone upon a framework of persisting 
cartilage, with removal of the intervening tissue. To a variable extent 
this process resembles that of the intracartilaginous ossification seen in the 
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first days following the injury, become surrounded by macrophages and 
foreign-body giant cells containing phagocytosed particles of bone or of 
bone salt (Fig. 12). A few of these may be found as early as the third or 
fourth day in the granulation tissue enveloping the ends of the cortex. 
They become numerous between the fifth and the tenth days, and usually 
decrease in number thereafter. The most marked degree of phagocytic 
activity , with respect to particles of bone, is observed in fractures compli- 
cated by excessive fragmentation of the shaft. In a number of specimens 
we have seen particles of decalcified necrotic cortical bone (Fig. 13) and 
also partially decalcified dead cortical matrix containing crystalline aggre- 
gates of bone salt. Usually the bone fragments continue to break down 
into smaller and smaller particles and the bone salts and the dead bone 
matrix appear to dissolve at the same or nearly the same time. 

Resorption and reconstruction of the section of the shaft enclosed in 
callus begins with the first formation of the subperiosteal intramembra- 
nous bone, and continues throughout the growth and regression of the 
callus. As a result of these processes the shaft, initially composed of 
compact bone, becomes at fifteen to twenty-five days of healing almost as 
porous as spongy bone. The vascular canals of Havers and Volkmann ap- 
pear enlarged and filled with osteoclasts and osteogenic tissue. In roent- 
genograms the striking difference between the density of the outer shaft 
and the callus-enclosed shaft creates the impression of the well-known 
“atrophy of the cortical ends” of healing fractures. The formation of 
osteoclasts is almost exclusively limited to the activity of living bone 
tissues. Such osteoclasts as are found in the vicinity of the necrotic ends 
of the cortex are formed in enlarged vascular canals, and in crypts, which, 
prior to the injury, may have been occupied by osteogenic cells. Osteo- 
clasts have not been observed to contain bone salt. 

DISCUSSION 

The chief contributions of this paper are with reference to the time 
relationships of calcification in the processes leading to the healing of frac- 
tures, and to the nature of tissues in which calcification occurs. Contrary 
to the usual view it has been shown that the formation of osteoid, or un- 
calcified osseous tissue, is not a necessary step in the formation of the bony 
callus. The new bone matrix is calcifiable when it is formed, and under 
optimum conditions calcification begins as the matrix is deposited. In 
this respect the process is identical with that in the normal embryogenesis 
or histogenesis of bone. 

The healing of a fracture imposes an added burden upon the calcify- 
ing mechanism. Except under optimum conditions, general and local, 
the added burden may exceed the capacity of this mechanism, a condition 
which is manifested by the appearance of osteoid because of a lag in calci- 
fication. The significance of this finding has been discussed in a previous 
paper with reference to the normal growth of bone, and need not be 
considered further here. 
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No speciivl effort has been made, in this paper, to add to current 
knowledge concerning the histogenesis of the new bone which leads to 
union of a fractured bone. However, our preparations demonstrate in- 
vasion of the fibrocartilaginous callus by new bone, which calcifies as it 
advances into the callus mass, and afford striking evidence that the bone 
originates outside of this mass. The process is analogous to the intra- 
cartilaginous growth of bone, in that remnants of the invaded tissue are 
made use of and eonverted into bone matrix by the invading osteogenic 
cells. It is also similar to the intracartilaginous growth of bone in that 
the jiroccss is essentially one of removal and replacement of the fibro- 
cartilaginous callus, rather than of its transformation into bone originat- 
ing from the connective-tissue cells of the callus itself. According to our 
observations, new intramembranous bone is formed chiefly from the deep 
or cambium layer of the periosteum and from the endosteum, including the 
osteogenic cells within the haversian canals. If the fracture is in or near 
the spongy bone new bone ari.ses from this source as well, and the bony 
callus is frequently continuous with the spongiosa. We have made no 
effort to prove or disprove the origin of bone from the osteocytes of the 
compact bone, but have not seen evidence that this was possible under the 
conditions of our experiments. 

During the healing of a fracture a number of tissues, all of mesenchy- 
mal origin, arise in the callus. Calcification does not occur in a random 
fashion in these tissues, but is confined to tissues recognizable as bone 
matrix and as the matrix of hyaline cartilage. As stated above, the bone 
matrix is calcifiable when formed, and calcification begins in it while it is 
being laid down. In the case of cartilage matrix, the factors leading to 
calcification are somewhat more complex. Calcifiability is conferred upon 
the matrix of hyaline cartilage when the adjacent cartilage cells reach a 
stage recognizable as fully grown or hypertrophic. In this respect the 
hyaline cartilage of the callus resembles that in the epiphyseal cartilage 
plate and in the embryonic cartilage models of bones ■*, but calcification 
occurs in this matrix only when contact between the cartilage and the in- 
vading bone is established. Owing to the irregular distribution of the 
hypertrophic cartilage cells, resulting from the formation of nodular 
masses of cartilage, calcifiable cartilage matrix may be formed within the 
cartilage mass at some distance from the invading bone, while part of the 
cartilage matrix in contact with the invading bone is not calcifiable. 
Under these conditions some of the calcifiable matrix will not calcify, 
while the unprepared matrix, being invaded by bone, will calcify only 
when converted into bone matrix. In this respect it behaves in the same 
way as does fibrous tissue or fibrocartilage. 

The extent to which the orderly sequence of events in the healing of a 
fracture depends upon calcification does not immediately become appar- 
ent from a study of fractures in normal animals. The interdependence of 
calcification and of the formation of normal osseous tissue is considered in 
detail in the paper which follows 
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111 addition to formation of new bone, the healing of a fracture in- 
voh^es resorption and reorganization of pre-existing cortical bone and of 
bone tissues formed provisionali3^ in the callus. In these respects also 
there is a resemblance to the normal formation and growth of bone. In 
the case of the fracture, however, there is the additional necessity of the 
removal of necrotic bone. According to our observations, the latter proc- 
ess occurs by a process of liquefaction of both the organic and inorganic 
elements of bone, in which the inorganic substance may be removed in 
advance of the organic matrix, but in which osteoclasts play no part. 

Macklin and Chiariello using tr 3 q 3 an blue, and Micotti admin- 
istering lithium-carmine, studied the activit3’- of macrophages in the callus 
at various stages of healing of fractures, hlacklin interpreted his obser- 
vations as indicating that the phagoe3’-tes ingest some, at least, of the 
products resulting from liquefaction of the callus, but states “that the 
liquefied bone salts are phagocytosed by macrophages seems entirely 
doubtful”. 

We have demonstrated the engulfment of particles of bone, including 
their bone salt, within macrophages and foreign-body giant cells, and have 
found that the most marked degree of acti'\dt3'^ is observed in fractures 
complicated by excessive fragmentation of the shaft. Gersh has 
shown that colloidal calcium phosphate ma3’' be removed from the blood 
stream by the macrophages of the liver and spleen, and Bloom and Mc- 
Lean® have demonstrated bone salt in the macrophages of the bone 
marrow under various conditions of rapid resorption of bone. A similar 
phenomenon occurs also during the liquefaction of necrotic fractured 
bone. Large fragments of dead bone excite a foreign-body reaction in the 
surrounding tissues, while smaller particles of dead bone or bone salt free 
from matrix may be phagocytosed by macrophages. These phenomena 
will be discussed further in a later paper, reporting our investigations upon 
the fate of dead bone implanted within the callus. 

In contrast to the resorption of necrotic bone in the absence of osteo- 
clasts, but in the presence of foreign-body giant cells, the resorption of 
Ihdng bone, where reorganization is to take place, is accompanied by the 
presence of large numbers of osteoclasts. Bone salt has not been seen to be 
phagoc3’-tosed by these cells. This finding is in agreement with those in 
other conditions associated with the rapid resorption of bone ®. 

SUMM.A.HT AND CONCLUSIONS 

1 . The healing process in the fractures observed is essentially one of 
formation of a fibrocartilaginous callus in and around the defect in the 
shaft, and the subsequent invasion, removal, and replacement of the fibro- 
cartilaginous mass b3’’ new bone arising from the cambium layer of the 
periosteum and from the endosteum. 

2 . The progress of calcification in this process has been observed by 
impregnation of undecalcified sections with silver nitrate. By this 
method, which is extremel3’' sensitive for bone salt, no deposition of salt is 
observed in the procallus, or prior to the formation of osseous tissue. 
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3. Bone matrix is formed subporiosteally and subendosteally, first 
at some distance from the fracture line, at about the second or third day 
following a fracture. It is calcified as it is laid down under optimum con- 
ditions wit.h no a])prcciablc interval between its formation and the deposi- 
tion of lione salt witiiin it. As the new bone invades the fibro-cartilagi- 
nous callus, it removes the fibrous tis.sue, fibrocartilage, and hyaline cartil- 
age, rejfiaeing them by bone matrix. In tliis process remnants of the 
invaded tissue may be utilized and converted into bone matrix by the 
invading osteogenic cells. In all instances the new matrix is calcifiable 
as soon as it is recognizable as osseous ti.ssue. 

4. A lag in calcification of newlj’- formed osseous tissue may occur. 
This is attributed to failure in the supply or transport of bone minerals, 
rather than to lack of calcifiability in the bone matrix. 

5. The matrix of h 3 '’aline cartilage becomes calcifiable when the 
adjacent cartilage cells become vesicular or hypertrophic. The calcifica- 
tion of cartilage matrix is further conditioned by its relationship to the 
bone tissue invading the fibrocartilaginous callus. Only matrix in con- 
tact with the invading bone calcifies, and, if the matrix has not been made 
calcifiable bj’- hypertrophy of the adjacent cells, it calcifies only when 
converted into bone matrix by the advancing osteogenic process. 

6. Only tissues recognizable as bone matrix or cartilage matrix 
calcify in the callus. There is no random calcification in the fibro-car- 
tilaginous callus, the groat mass of which remains completely free from bone 
salt except where it is invaded and converted into bone from its periphery. 

7. Particles of bone, including their bone salt, have been demon- 
strated in foreign-body giant cells and in macrophages during the resorp- 
tion of necrotic bone. Fragments of dead cortical bone have been ob- 
served to undergo decalcification in advance of the disintegration of 
the bone matrix. This differs from the process of resorption of living 
bone, in which the bone mineral and organic matrix are removed simul- 
taneously. No phagocytic activity of osteoclasts, either for particles of 
bone or for bone salt, has been demonstrated. 
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MICROSCOPIC CHANGES AFTER INTERNAL FIXATION OF 
TRANSCERVICAL FRACTURE OF THE FEMUR 

BV J. KULOW'SKI, M.D., F.A.C.S., ST. JOSEPH, MISSOURI 
AND J. V. DUCK, M.D., LOS ANGELES, CALIFORNIA 

Patliological clianges and resistance to former methods of treatment, 
peculiar to intracapsular fracture of the hip, account for the widespread 
acceptance of the jirinciples of internal fixation now in vogue. Despite 
the interest evinced in these injuries there are, in the literature, very few 
complete pathological studies of the fracture site so treated. It is our pur- 
pose to describe the microscopic findings in such a postmortem specimen. 
It was obtained from an elderly woman fifty-two days after injury, and 
forty-three days after transfixation by a Smith-Petersen nail. Death 
was probablj'' due to a cardiovascular complication. 

Palmer, in 1934, reported the result of a histological examination of 
the hip region from a woman, aged seventy, who had died of some disease 
unrelated to the injury, barely three months after fixation by a Smith- 
Petersen nail. In spite of the marked, and still active, absorption of the 
neck, and almost complete necrosis of the head, healing was progressing 
satisfactorily. Bony union had commenced-^ in the distal fragment 
through metaplastic bone formation in tissue intimately bound up with 
its periosteal-synovial coverings. The regenerative processes of the 
spongiosa of the necrotic head were taking place through the marrow of 
the head, which had become revascularized by vessels from capsule 
periosteum, and not through callus growing in from the distal end of the 
fracture. The rustless steel nail, though partially extruded (12 milli- 
meters) due to the absorptive processes in the neck, did not have any un- 
toward effect upon the spongiosa or the reparative processes. 

Another specimen, studied by Jones and Lieberman in 1938, was ob- 
tained from a female, aged fifty-two, eight days after fracture and only 
seven hours after fixation with a Jones screw. Death was due to probable 
multiple pulmonary emboli. The fracture involved the base of the neck 
and the lesser trochanter. The gross specimen revealed, besides the 
linear defect due to the insertion of the screw, a large triangular defect in 
the neck which was filled with brownish granular detritus, and marked by 
a complete absence of endosteum. Histologically there was almost com- 
plete necrosis of the neck along with focal areas of necrosis in the head. 
They felt that the widespread necrosis, which was observed in their 
case, may be present in varying degrees in all cases. It is this factor 
which probably puts this lesion in a class by itself, since the screw was 
certainly not responsible for these changes. They concluded “that 
sometimes this condition is a pathological fracture, and that the same 
fault which causes the fracture is the one responsible for delayed healing 
or even complete non-union.” 
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CASE REPORT 

Mrs. Lula R. (E1944) a white female, 
whose stated age was sixty-five years, was 
admitted to the St. Joseph Hospital on Octo- 
ber 2, 1938, several hours after her injury. 
According to her medical attendant, Dr. 
H. W. Carle, she had suffered for years from 
an extensive vascular disease with concomit- 
ant hypertension. She was poorly nourished 
and appeared to be about seventy-five years 
of age. The general examination revealed a 
cataract of the left eye, edentulous jaws, fun- 
nel breast, scattered pulmonary rales, a sys- 
tolic apical bruit with regular rhythm, and 
a blood pressure of 222/122. The left lower 
extremity presented the usual picture of a 
typical varus subcapital fracture. The tem- 
perature was 100 degrees, the pulse ninety- 
six and respiration twenty-two. Laboratory 
investigations revealed nothing relevant. 
Except for a tendency toward development 
of a sacral decubitus, she responded favorably 
to preliminary Russell traction. Her tem- 
perature, pulse, and respiration became normal one week after admission. 

On October 11, 1938, under spinal anaesthesia, and roentgenographic control a three 
and one-half inch White rustless-steel Smith-Petersen nail was inserted following 
Leadbetter’s method of manipulation and reduction. A postoperative roentgenogram 
showed excellent reduction (valgus), impaction of the fragments, and optimum low 
position of the nail. Postoperatively she ran an irregular low-grade fever which gradu- 
ally returned to normal in a week. The traction and dermal sutures were then removed. 
On the following day she was permitted to sit up over the edge of the bed. She was dis- 
charged on November 4, 1938. The patient continued to make good progress at home. 
She was permitted to sit up in a chair daily, to stand with aid several times a day, and 
was encouraged to exercise the limbs in bed. On November 22, 1938, she suddenly com- 
plained of severe abdominal discomfort, headache, and vomiting. Coma and death 
occurred on the following day. The hip specimen was obtained at the mortuary several 
hours later. 





Fig. 1 

Photograph of postmortem specimen 
taken November 23, 1938. 


HISTOLOGICAL STUDY * 

Gross Pathology 

The subcapital fracture of the femoral neck was firmly transfixed by a metal pin 
(Figs. 2-A and 2-B), the head of which protruded from the lateral femoral cortex just below 
the vastus lateralis ridge. The fracture fragments were well apposed. There was an ap- 
parent one-eighth inch distal displacement of the distal fragment due to valgus and 
impaction of the femoral head. Inferior to the fracture site a thin layer of fibrous tissue 
continuous with the periosteum bridged across the fragments. There was no evidence 
of periosteal callus. About one square centimeter of cortical plate was missing from 
the superior aspect of the femoral neck. This appeared to have been lost during the 
recovery of the specimen. The specimen was mounted in plaster-of-Paris, the pin was 
extracted, and then frontal sections were cut with a band saw (Fig. 3). 

On frontal section it was evident that an early stage of bony union had been attained. 
Fibrous marrow and a multitude of minute trabeculae characterized the fracture area. 
Except for some small scattered areas and a narrow subchondral zone, the marrow of the 

* From the Department of Patholog}’’, State University of Iowa, (J. V. Luck). 
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onpitnl e])i])hy&is was fatty; all otlicr marrow in tiie specimen appeared to be grossly 
hematogenous. Only a slight dcgi ee of osteoporosis was present. The articular carti- 
lage was nowhere denuded or fibrillated, but was somewhat dull and in most areas opaque. 
The articular cortex was grossly intact. Surfaces of the bone, adjacent to flanges of the 
Smith-Peter.sen nail, were smooth and pi evented no porosis or sclei osis detectable by gross 
examination. 



Fig. 2-A 


Fig. 2-B 


Roentgenogiams of antei oposterioi and lateral views of the postmortem 
specimen. 



Fig. 3 

Photograpli of postmortem specimen divided in frontal section. 1 he •Smith- 
Petersen nail is shown between the halves of the specimen. 
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Microscopic Examination 

By the use of a celloidin technique one-piece histological sections were made of the 
entire specimen. These sections were mounted on lantern-slide-size plates. 

Fracture Site 

The most outstanding feature of the fracture site was the presence of a multitude 
of fine-caliber, short, narrow, smooth trabeculae, more than half of which were still in the 
osteoid stage. Osteoclasts were conspicuous for their paucity. A moderate number of 
small osteoblasts were attached to the surfaces of some of the trabeculae. Most tra- 
beculae appeared to have formed 
on the basis of fibrous tissue. 
These small young trabeculae 
were aligned in all directions, 
with no respect for static lines of 
stress. A few large mature 
bony trabeculae were also pres- 
ent in the iracture zone. Many 
of these trabeculae were dead, 
presumably as a result of separa- 
tion from their blood supply at 
the time of the fracture. New 
bone was applied to the surfaces 
of numerous old trabeculae at 
and adjacent to the fracture site. 
A considerable degree of hy- 
peraemia existed in the vessels of 
the fibrous marrow in this re- 
gion. Marrow fibrosis was 
sharply limited to a zone ap- 
proximately one-quarter inch 
wide at the fracture level (Fig. 
4). Beyond this zone the mar- 
row appeared quite normal. 
Not a solitary field of cartilage 
in any form could be found at 
the fracture site. The healing 
process appeared to consist sim- 
ply of the formation of osteoid 
and bony trabeculae on the basis 
of reactive fibrous tissue which 
developed between the frag- 
Fig. 4 ments and in adjacent marrow 

Photograph of a histological section of the entire spaces, 
specimen. (See photomicrograh. Fig. 5.) Femoral Head 

Vascularity of the femoral head was not interrupted by the fracture, since very few 
necrotic trabeculae could be found beyond the immediate vicinity of the fracture. Sev- 
eral interruptions existed in the articular cortex as a result of reactivation of endochondral 
ossification. The zone of provisory calcification had proliferated to a considerably in- 
creased width and was being invaded at a few points with new bone which was applied to 
the rnargins of the small inroads. A few subjacent intratrabecular islands of calcified car- 
tilage further testified to the beginning reactivation of endochondral ossification such as is 
observed in degenerative arthritis. The articular cartilage was of normal thickness and 
had a smooth gliding layer. Deeper layers showed a tendenc 3 ’^ toward basophilic staining, 
together with numerous Weichselbaum’s lacunae containing several chondrocytes. 
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Neck 071(1 T/ochaiitc/ 

The ncek and trochantonc legion's levealed a good blood supply with viable tia- 
beeulae and inaiiow. The peiiosteum was inteiiupted and moderately thickened at the 



Fig 5 

Photomici ogi aph of the section of the fiacture site shown in the squaie in Fig 4 



Fig. 6 

Photomici ogi aph of a section of bone adjacent to a flange of the Smith-Peter'-en 
nail, showing the thin la3'^er of fibrous tissue which formed as a minimal reaction 
to the nail 
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fracture site. On the inferior surface of the neck a thin bridge of fibrous tissue spanned 
the break in the periosteum. No subperiosteal new-bone formation was noted. Most 
bony trabeculae of the specimen were bordered by a thin layer of newly apposed bone, 
evidently a result of the stimulus of early activity which came from good fixation of the 
fragments. 

Reaction Around the Stahiless Steel Pin (Fig. 6) 

The surfaces bordering the flanges of the nail were smooth and were covered by a 
layer of rather cellular fibrous tissue of microscopic thickness. Beneath this layer in 
some fields there was a tendency for subjacent bony trabeculae to combine to form a 
lamellar plate. In most fields there was no response whatever beneath the fibrous layer. 
A few chopped-off or fragmented trabeculae were seen and some of these were necrotic. 
There was surprisingly little evidence of trauma inflicted by the insertion of the pin. 
No inflammatory cells were found anywhere in the specimen. 

CONCLUSIONS 

The several features which are outstanding on the basis of our 
microscopic examination are; 

1. The simplicity of and the rapid progress made by the healing 
process. 

2. The absence of cartilage from the healing process at the fracture 

site. 

3. The absence of subperiosteal reaction or peripheral callus. 

4. The minimal evidence of trauma inflicted by the insertion of the 

pin. 

5. The minimal reaction of the tissues to the presence of the pin. 

6. The absence of significant osteoporosis, and the apposition of new 
bone on trabecular surfaces at such an early period after fracture. 

It is quite clear from a study of our specimen that any method of in- 
ternal fixation which meets mechanical requirements — such as good reduc- 
tion, elimination of shearing stress at the fracture site, and adequate fixa- 
tion of fragments which are and remain in an excellent state of nutrition — will 
result in bony union much sooner than has been generally appreciated in 
the past. These fundamentals should be borne in mind, since the promi- 
nence of technical detail has tended to subordinate some basic pathological 
and clinical aspects of the problem as a whole. 

REFERENCES 

Palmer, Ivar; tlber die Ausheilungsbedingungen der medialen Schenkelhalsbriiche nach 
Osteosynthese mit einem Nagel aus rostfreiem Stahl, illustriert durch eine histol- 
ogische Untersuchung. Acta Chir. Scandinav., LXXV, 416, 1934. 

Jones, Laurence, and Lieberman, B. A., Jr.: Intracapsular Fracture of the Neck of 
the Femur. Case Report and Pathological Study. J. Bone and Joint Surg., XX, 
88, .Tan. 1938. 


THE JOURNAL OF BONE AND JOINT SURGERY 



GROWTH OF THE EPIPHYSES 

BY JOHN A. SI1;GIANG, M.D., F.A.C.S., UUBAiNA, ILLINOIS 


hrom Ihc Dirision of Orthopaedic Surgery, The Department of Surgery, 
I’nirersity of Chicago 

I( is now gonorall}'’ accepted (hat growth of the diaphj'-sis takes place 
at tlie cartilage columns in the ei)iph 5 'seal plate, and that certain growth 
cartilages contribute more than others to longitudinal growth.-- 
Proof of these facts was in jiart due to the proper interpretation of trans- 
verse lines observed in long bones following the clinical and experimental 
administration of phosphorus.----* The pathology of these transverse 
ojiacities was speculative until 1927, when Eliot* demonstrated that they 
were the result of a bony lattice work, produced by the enlargement and 
cro.ss branching of the trabeculae, which at times illustrated even trans- 


verse bridging. The increased mass 
greater obstruction to roentgen rays 
than the normally trabeculated bone, 
resulting in the appearance of a line in 
the roentgenograms. Lines have been 
observed also in cases of congenital 
syphilis, in severe illness (particularly 
scarlet fever), in lead poisoning, and 
after ingestion of certain drugs. Mi- 
croscopic section of teeth has demon- 
strated concomitant formation of lines 
as new enamel is added.** 

In cases where phosphorus has 
been administrated intermittently, 
multiple lines have been observed. 
By measurement of the distances of 
these lines from their respective epiph- 
yses, the amount of growth occur- 
ring in one portion of a bone can be 
compared with the growth of other 
parts of the same or other bones. 
The careful study and measurement 
of the lines as they appear in the 
diaphyses of long bones has added to 
our knowledge of bone growth by 
clinical corroboration of experimental 
work. They not only show the rela- 
tive amount of growth taking place at 
the ends of long bones, but also prove 
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of bone at these areas presents a 



Fig. 1 


Roentgenogram shows ladiopaque 
lines in the diaphyses of the femur, 
tibia, and fibula of a child who re- 
ceived phosphorized cod-liver oil some 
time before. Growth at the distal end 
of the femur is greater than at the 
proximal ends of the tibia and fibula. 
The lines in the epiphyses proper are 
notable. 
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beyond doubt that shaft growth is the result of activity on the diaphyseal 
side of the epiphyseal cartilage. 

Scant attention has been given the subject of growth of the epiphyses. 



Fig. 2 


Photomicrograph (XG5) of epiphyseal cartilage. 

a: Columns of cartilage streaming into the diaphysis. Active endochondra 
ossification is taking place. Shaft growth is localized here. 

h: Epiphj'scal side of the epiphj'seal cartilage shows no evidence of active 
endochondral ossification. 
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Photomicrograph (X65) of cross section of articular cartilage. 
a: Juxta-epiphyseal side of aiticular cartilage. Note rather active endochon- 
dral ossification. 
b: Articular surface. 

Available information is largely contradictory and poorly substantiated, 
and there is no consensus concerning growth of the epiphysis itself.*- 

Our attention has been attracted for some time to the appearance of 
lines in the epiphyses of children as a result of disease or phosphorized 
cod-liver-oil medication (Fig. 1). Since interpretation of the radiopaque 
lines in the diaphyses has thrown light on shaft growth, it was thought 
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Fig. 4 


Roentgenogram of pelvis of the child in Fig. 1. Note how the phosphorous line 
(a) conforms to the curve of the epiphysis of the crest of the ilium. The angled radio- 
paque line (b) illustrates that giowth at the proximal end of the femur is the result 
of two forces, the capital and trochanteric epiphyseal growth centers, which at this 
time actually act as one. 




Diagrams of the ends of four bones showing: 
a: Growth line in shaft; b: Epiphyseal cartilage; 
e; Hypothetical growth lines m epiphyses as discussed in text. 

that stud}^ of similar lines occurring in epiphyses might clarify the question 
regarding their method of growth. We now believe that an interpretation 
of these lines presents very definite proof of how epiphyseal growth occurs. 

As a background for the study of epiph 3 ^seal growth it is perhaps 
wise to consider the cellular structure and physiology of epiphyseal and 
articular cartilage, respective!}', in cross section. The columns of car- 
tilage (n in Fig. 2) streaming off into the diaphysis are readily seen. The 


THC JOVRKAI, OF 110X11 AXD JOINT SURGERV 



OHOWTH or THr: kpiphyses 


2 




b 


- 'r 

• ^ — 3. 




V 


^ — e 

r - 

* * 


/ 





Fig. G 


Rocntgenogiam of pelvis of a giil with dyschondroplasia shows: 
a: Wide phosphoious line; b: New bone added since cessation of medication, 
c: Line corresponding to a; d. New bone added after discontinuance of 
medication; 

c: Line corresponding to a and c. 



Fig. 7 

Roentgenogram of same pelvis as Fig. 6, taken three years and four months 
later. Note increase in width of h and d. There is no translucent area in the 
region of the epiphyseal plate. The distance fiom e to the articulai surface 
of the acetabulum is much incieased. 
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Fig. S 

Koentgenogiam shows phosphorous lines in verte- 
brae, and illustrates addition of new bone superiorlj’-, 
infenorly, and anteriorlj'. 


experimental work of 
Haas has positively- 
localized this area as the 
source of shaft growth. 
Careful study of the juxta- 
epiphyseal side of the epi- 
physeal cartilage (b in 
Fig. 2), however, fails to 
show any signs of endo- 
chondral ossification. On 
the other hand, scrutiny 
of the juxta-epiphyseal side 
of the articular cartilage 
(a in Fig. 3) reveals definite 
signs of endochondral ossi- 
fication, though to a lesser 
degree, of course, than on 
the shaft side of the epi- 
physeal cartilage. This is 
microscopic evidence that 
growth activity in the 
epiphysis is confined to the 
articular cartilage. 

There has been con- 
siderable controversy about 
whether the youngest ar- 
ticular cartilage cells are 
those bathed by the syno- 
vial fluid or those nearest 
the bone. Ogston be- 
lieved “that articular car- 
tilage is constantly renevdng 
itself from a focus of 
central growth, and grows 
in two directions”. He 
believed that an effete 
layer was formed toward 


the joint, which was worn 
awa}" b}' joint movements. Fisher ’ showed clearly that these “effete” 
cells, far from being degenerate, are the source from which the deep cells 
are derived, and are analogous to the perichondral cells of costal cartilage. 

Epiphj^seal and articular^cartilages are normally avascular “ and pre- 
sent the typical mode of growth of a vegetative tissue. The experiments 
of von Tappeiner demonstrated that in transplanting the radial head 
of one rabbit to another the cartilage usually lived while the bone became 
necrotic. This has been proved experimentally bj’^ others also. Clinically 
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tlu' behavior of loose bodies witliin joints is analogous. In cases of 
ostcoehondrilis dissecans it has been shown that the osseous components 


of Die fraginenis necrose early, whereas 
the cartilage cells remain alive for 
varying jieriods of time. Bathed in 
sjmovial fluid their environmental and 
nutritional status remains e.ssentiallj’' 
the .‘^ame whether they are attached to 
the subchondral bone or free in the 
joint. The}' have even been observed 
to grow jirogre.ssively larger by pro- 
liferation of fibrocartilage cells,-'' and 
thej' usuall}' assume a more spherical 
shape. At times even the boii}' ele- 
ments increase, so that the os.seous 
nucleus becomes larger than the 
original bony particle. Thus, articu- 
lar cartilage not onl}' ma}' live, but 
proliferate and undergo o.ssification 
without direct blood supplj'. 



Fig. 9 


Roentgenogram of proximal humeral 
epiphysis in the same child. Note 
that the ends of the semicircular line 
(a) extend down to the epiphyseal line. 



Fig. 10 Fig. 11 


Fig. 10: Roentgenogram of knee shows formation of phosphorous lines (a). 

Fig. 11: Roentgenogram of the same kneeas shoini in Fig. 10 illustrates multiple 
lines as a result of intermittent phosphorized’cod-liver-oil medication. 
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Roentgcnogiams of the same knee as shown in Fig. 11 taken four yeais later. 
The lines (a) ate much more distant fiom the epiphyseal lines and aie fading. The 
limbs of the figuies (b) within the epiphyses extend down to the epiphyseal lines. 


With thc.sc points in mind, study of roentgenograms showing phos- 
phorous lines is illuminating. 

In the roentgenograms of children, radiopaque linos due to lead, 
bismuth, pho.sphorized cod-liver oil, etc., have been observed to as.sume 
veiy definite patterns. Tliese patterns deirend upon the method 
of growth of that particular einphyseal cartilage. For example, note the 
opaque lines formed by the growth cartilages of the ilium and the proximal 
end of the femur in Figure 4. Study of these lines gives concrete evidence 
of the process of growth in each place. 

Assuming that .similar radiopaque lines would form in the epiphyses 
proper, we might expect to find one of four patterns, depending upon the 
localization of growth. Should the increment of growth contributory to 
the enlargement of the epiphysis take place solely from the epiphyseal 
plate, we might reasonably expect a line such as c in Figure 5-A. On the 
other hand, if growth of the epiphysis were equally divided between the 
epii)hyseal and articular cartilages, we might conceivably find a pattern 
.such as c in Figure 5-B. Should both areas contribute to growth and the 
transverse line fail to form, the appearance would bo as shown in c of 
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FiguiT 5-C. in which llu' liinl)s of (he figure fail to extend to the epipliyseal 
cartilage. If growth of (he ejaphy-'^is were the result sohly of the articular 
cartilage, we .should find a iiattern .similar to c of Figure 5-D. Study of 
the roentgenograms of many cases showed only epiphyseal growth lines as 
illustrated by Figure o-D. 

In the pelvis of a girl with dj'.schondroplasia (Fig. 6) the broad lines 
(a) in the ilia represtait a period of phosphorus therapy. The more 
transparent bone {h) has been added .since discontinuance of the medica- 
tion. 'Phe capital femoral ejoiijhy.sc.s show a semilunar line (c) which 
corresponds to the lines observed in the ilia. The peripheral, less opaque 
area {d) is coinjiarable to h. Three .years and four months later (Fig. 7) 
the wide bands in the ilia appear more centrall}’' placed, due to addition of 
new bone b.y (he growth cartilage of the iliac crests. The pattern within 
each capital fc'inoral epi|)hysis is significant. The narrow, more radiotrans- 
lucent semicircle of bone on the pei-ij^heiy has become much u'ider because 
of endochondral growth and o.ssification from the articular cartilage. There 
is no evidence of new bone on the epii^hj^seal side of the epiphj’-seal plate. 

The proximal humeral epiph 3 ^si.s (Fig. 9) of the same child shows a 
similar configuration. The limbs of the phos])horous line (o) expend down 
to the epiphyseal cartilage and new bone has been added peripherally. 

Intcrjjretation of lines observed within vertebrae (Fig. 8) leads to the 
conclu.sion that veiy little bone accrues posteriorly. Increase of size takes 
place principally in the other directions. 



Fig. 13 

March 20, 1934, Roentgenogram of same case as Figs. 10. 11, 12 shows phospho- 
rous line forming at the crest of the ilium and roof of the acetabulum. 
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Fig. 14 

Roentgenogram of same case shonm m Fig. 13, taken three years later. The 
lines rvithm the capital epiphyses aie faint, but ean be seen to extend to the epi- 
physeal line. New bone has been added at the superior portion of the acetabulum 
and crests of the ilia, causing the phosphorous lines to appear more centrally placed. 



Fig. 15 


Roentgenograms of knees shon the limbs of the epiphyseal figures (a) extending to 
the epiphyseal lines. New tionc seems to have been added to the epiphysis every- 
where except at the cpiphvscal cartilage. Fading transverse lines (5) arc seen in 
the tibiae. Corresponding' lines have prcsumalily already faded from tiic femora. 

Tiin JornvAi. or honi: axd joint smaimv 



tilJOWTH OF THE EPIPHYSES 


33 


Figure' 10 sliow.s Iho format ion of phosphorous lines (a) during admin- 
istration of jiiiosphorizcd cod-liver oil. The medication has been dis- 
continued and resumed at intervals, causing the formation of multiple 
linos (Fig. 11) which in-ogre.'^sivclj'- become more distant from the epiph- 
.ysoal lino as new bone is added. Four j’^ears later (Fig. 12) the transverse 
lines (o) in the diajihj'sis arc still farther aAvay from the epiphyseal line and 
are fading. The limbs of the lines (b) in the epiphyses extend to the 
epiph 3 'seal lines and new bone has been added bj'- growth and ossification 
from the articular cartilage. Figures 13 and 14 illustrate well the growth 
of the elnl)h}^ses about the ])elvis in the same case over a period of three 
j'ears. 

The lines (a) of Figure 15 arc probably the result of disease. The 
limbs of the figures within the epiphj'^ses extend down to the epiphyseal 
plate. Xew epiphj’’seal bone has been added bj'- articular cartilage only. 
The remains of transverse lines 
(b) are seen in the tibiae, but 
have completclj' faded from the 
femoral shafts. This child did 
not have phosphorized cod-liver 
oil. The etiological factor was 
probably a mild case of scarlet 
fever five years earlier. 

Intermittent administration 
of phosphorized cod-liver oil has 
caused the formation of multiple 
lines in Figure 16. Four years 
later (Fig. 17) the multiple lines 
in the shaft have almost disap- 
peared. The limbs of the figures 
within the epiphyses extend to 
the epiphyseal cartilage plate. 

Roentgenograms of knees of 
grooving children which had been 
surgically fused were next stud- 
ied. In these cases the articular 
cartilage of tibia and femur had 
been removed and fusion of the 
bony centers of the epiphyses had 
occurred. 

In view of the findings ob- 
served in the previously described 
roentgenograms, it was postulated 
that with removal of the articular 
cartilage and fusion of osseous ele- 
ments of the adjacent epiphyses 
of femur and tibia, the epiph 3 ’’seal 
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Fig. 17 

Roentgenogram of same case as shown m Fig. 16. The diaphj'seal lines have 
laaecl, but the lines within the epiphyses form a chaiacteiistic figure in vhich 
the limbs extend to the epiphyseal line, which is evidence against giowth having 
taken place on the epiphyseal side of the growth cai tilagc. 

cartilage plates should not gi ow farther apart. In other words, the vertical 
diameter of the combined epiphyseal nucleus should not increase. Figure 
18 is representative of this group. The two epiphyses have formed one 
bony block (a) between the epiphyseal cartilages (6) of the tibia and 
femur. New phosphorous lines {d) are being produced. 

Three yeais and four months later (Fig. 19), there has been a marked 
increment in shaft giov th. The lines (d) of Figure 18 are now represented 
by (d) of Figure 19. The vertical diameter of the combined epiph 3 '^seal 
block has not increased. This is confirming evidence that articulai 
cartilage is necessary for longitudinal growth of the epiphyses and that 
the epiphyseal cartilage has not contributed in any appreciable degree to 
the size of the combined epiphyses 
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Fio. IS Fig. 19 

Fig. 18: Roentgenogram of a surgically fused knee. 
a: Combined epiphyseal block; b: Epiphyseal cartilage; d: Early 
phosphorous line. 

Fig. 19: Roentgenogram of same knee taken three years and four months 
later. Diaphyseal growth has been active. Early phosphoi-ous lines {d of 
Fig. 18) are now represented bj' lines d. The vertical diameter of the combined 
fused epiphyses (a) is not increased. 




CONCLUSIONS 

1. Growth of the epiphysis takes place by proliferation of the 
articular cartilage followed by endochondral ossification. 

2. The epiphyseal cartilage is a negligible factor in longitudinal 
growth of the epiphysis, if it contributes at all. 
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PSEUDO-PLATYBASIA: RUPTURE OP THE TRANSVERSE LIGA- 
:\IENT OF THIC AXIS WITH DISPLACEMENT OF THE ODON- 
TOID PROCESS AND CO.AIPRESSION OF THE CERVICAL CORD 

BY LBO .1. ■\VAI)E, M.D., NEW YORK, N. Y. 

From the Deportment of Pothologp, Cornell University Medical College, and the New York 

Hospital 

INTRODUCTION 

Chamberlain b List and Schuller •’ have recently called attention 
to a condition known as platybasia, or basilar impression, which has long 
been recorded in the German literature but little discussed by American 
clinicians. 

Platybasia is a deformity of the occipital bone and the upper end of 
the cervical spine, variously attributed to rickets, osteitis deformans, 
osteomalacia, long-standing, increased intracranial pressure, or develop- 
mental anomaly. Schuller states that traumatic “basilar impression” 
has no practical importance inasmuch as such cases are nearly always 
fatal. Trauma to the head and neck may be of considerable importance, 
however, in influencing the progression of the disease, whatever the 
primary etiological factors are. Thus it is of some interest that platy- 
basia is more frequent in countries Avhere it is the custom to carry all 
burdens on the head 

Platybasia is characterized by an upward displacement of the clivus 
and a narrowing of the foramen occipitale magnum so that the medulla 
and the cervical cord are subjected to varying degrees of compression. The 
clinical picture is variable but often simulates disseminated sclerosis, 
syringomyelia, cerebellar tumor, or progressive spastic paralysis, depend- 
ing upon the sites of pressure. X-ray examination of the occipital region 
reveals characteristic changes. Surgical intervention may lead to 
dramatic recovery. 

We have recently had the opportunity to examine at postmortem a 
patient in whom the condition of platybasia was closely simulated as the 
result of trauma sustained thirty years previously. The case is of parti- 
cular interest in that the patient was able to survive with a minimal 
amount of permanent damage to the nervous system in spite of an ex- 
tremely acute onset of symptoms. 

CASE HISTORY' 

The patient, a forty-five-j^ear-old Italian-born female, was admitted to the New 
York Hospital for the second time on April 6, 1940. Her chief complaint was shortness 
of breath and swelling of the ankles and abdomen for the previous four or five 
months. 

At the age of sixteen the patient fell on her head. She was unconscious for “some 
time” and was “paralyzed on both sides” for the following nine months. She had a 
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“crooked neck” following the injury, and was said to Iiave had lameness, weakness, and 
an unusual gait, all of which persisted up to the time of her death. A tonsillectomy was 
performed at the age of thirty-foui- years for recui'i'ent sore throat. 

At the time of her first admission to the hospital, in 1935, the patient complained of 
weakness on the right side. The patient had a brief, transient fainting spell on two 
occasions two days before admission. The following dai*^ she had a sev^ere headache as- 
sociated with progressive weakness and numbness of the right extremities, and some 
drowsiness. 

On physical examination the patient was stuporous and dull, but could be ai'oused. 
A short coarse presystolic murmur ivas heard over the ape.v of the heai't. There was 
accentuation of the first mitral and second pulmonic sounds. The heart rate was regular 
but rapid (110). The blood pressure was lOO/SO. Rales were present at both lung 



Fig. 1 

Plaster cast of foramen magnum shows the nar- 
rowing of the passageway for the cervical cord. 


bases. The liver and spleen were 
not felt. No petechiae were 
present. 

Neurological examination re- 
vealed a stiff neck, a Brudzinski 
sign on the left, absent corneal 
reflex on tlie right, a smooth face 
on the right with drooping of the 
corner of the mouth on that side, 
hyperactive biceps and triceps 
tendon jerks on both sides, slight 
spasticity of the right arm with 
increased resistance to stretch 
and little or no voluntaiy motion, 
absent abdominal reflexes, hyper- 
active knee and ankle tendon 
jerlcs, marked bilateral patellai’ 
and ankle clonus, bilateral Bab- 
inski sign, diminished sensibility 
to pain in both lower extremities, 
loss of voluntary motion of the 
right lower extremitj’’, and in- 
continence of both urine and faeces. 



The white blood count grad- 
ually decreased from 15,600 on 
admission to 6,000 one month 
later. The temperature fell by 
Ij'sis fiom 39.8 degrees centigrade 
to within normal limits two weeks 
later. A lumbar tap at the time 
of admission revealed the resting 
spinal fluid pressure to be 140 mili- 
nieteis of water. The fluid was 
grossly bloody but upon centrifu- 
gation the supernatant fluid was 
clear. There were five Ij^mpho- 
cytes and one polymorphonuclear 
leukocyte per cubic millimeter. 
The sugar and chloride contents 
were eighty and 680 milligrams 


Fig. 2 


per 100 cubic centimeters lespec- 


An atlas and an axis placed in the same relative tively. The 
positions as occupied by those of the patient. negative. 


Wassermann was 
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'I'lirre wan giailual imijmvt'iiioiit in tlio i)aticnt’s condition duiing the foliowing two 
montlis. 1 lie weakne,'''; on the liglit side had not completelj' disappeared, however, and 
tile jiafient continued to liave iiyiieiactivc tendon jerks, absent abdominal reflexes, 
bilateral jiatellar and ankle clonus, and a bilateral Babinski sign. The patient was 
removod to her liome for chronic care. 

I'ollowing discliarge the ])aticnt im])rovcd and was again able to be up and about, 
with little more disability than she had experieneed i>rior to the recent acute episode. 

hour or five months licfore the second admission tlie patient noted increasing 
“weakness”, tiys])noea on exertion, orthoimoea, swelling of the ankles and legs late in 
the day, and migiatory pains. These symptoms became progressive^" worse until the 
patient was completely incapacitated. 

On jiliysical examination her tcmiieraturc was 37 degrees centigrade; pulse, 100; 
re.spirations, thiity-six: blood iircssure, 190, 140. The patient then appeared thin, ema- 
ciated, acutely and chronically ill. She was markedly orthopneic, dyspneic, and cj'anotic. 
The caidiac signs were much the same as described on the previous admission. Dis- 
tended neck veins, moist rales in the lungs, ascites, hepatomegalia, and massive oedema 
of the lower extremities were lircsent. 'fhe patient’s condition prevented an adequate 
neurological examination, but it was noted that the tendon jerks were hyperactive and 
the abdominal reflexes were absent. 

With treatment by digitalis and mercupurin the patient’s general condition im- 
proved markedly, and there was a fall of the blood pressure to more nearly noi'mal 
ranges. In .spite of this aiqiaicnt clinical improvement, the patient died quietlj" on the 
fourteenth hospital day. 


Gross Examination 


POSTMORTEM EXAMIX.VTIOX 


There was chronic endocarditis of the mitral valve with stenosis and insufficiency. 
Dilatation and hypertrophy of both auricles and of the right ventricle were present. The 
lungs, liver, and kidneys showed the characteristic changes of chronic passive congestion. 
There was oedema of the lower extremities; ascites (200 cubic centimeters) ; and a bilateral 
pleural eflfusion (300 and 500 cubic centimeters). Old healed infarcts were present in 
the spleen and kidnej"S. 

Upon opening the cranial vault there appeared to be an increased amount of sub- 
arachnoid fluid. As the brain w'as ele- 



Fig. 3 


Fig. 4 


A section taken through the medulla, 
stained for myelin sheaths. 


A section taken through the dorsal 
region of the spinal cord, stained for 
myelin sheaths. 
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Postmoitem roentgenogiam of skull showing the left lateral view. 



Fig. 6 

Diagrammatic interpretation of Fig. 5. 
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Postmortem roentgenogram of skull showing anteroposterior view. 
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deformity of the clivus and of the foramen occipitale magnum became apparent. The 
clivus was flattened and elevated posteriorly on the left, so that the usual downward and 
backward slope of 60 degrees was i-eplaced by a slope of approximately 30 degrees. There 
was also a slope downward and to the right in the tran.sverse planes. The cervical cord 
passed through a small slitlike space located along the right lateral border of the foramen 
occipitale magnum. The cord appeared to be compressed. The remainder of the 
foramen occipitah magnum was obliterated by what was first interpreted as a bony 
exostosis from the margin of the foramen and the basilar portion of the occipital bone 
(Fig. 1). It was thought at this point that we were dealing with a platybasia, but re- 
moval of the dura from the base of the skull revealed that this was not the case. 

The foramen ovale was normal in outline but protruding up into the foramen, and 
pushing the dura before it so as to form a false base, was the dens of the epistropheus. 
Removal of a portion of the clivus gave a better view of the upper cervical vertebrae. 
Figure 2 illustrates the relative positions of the atlas and axis. The backward and 
lateral displacement of the odontoid process is apparent. This picture does not show, 
however, several other important facts learned from roentgenographic examination of the 
region, and manipulations at the time of the postmortem examination. The skull was 
tilted to the right and there was limitation of motion with respect to the atlas but not with 
respect to the remainder of the cervical spine. The postmortem roentgenograms 
(Figs. 5 and 7) were interpreted by John R. Carty, M.D., as follows: 

“Postmortem films of the base of the skull and the upper cervical region show a 
slight tilting of the skull on the cervical spine to the right. The atlanto-occipital articu- 
lation on the right is narrowed and there is a break in continuity of the basal occipital 
bone in the immediate neighborhood. This does not extend into the bone to any extent. 
The atlanto-occipital joint on the left is wider than usual. There has been a crushing of 
the right half of the body of the atlas, with apparently some separation of the fragments. 
This has permitted the backward and left displacement of the odontoid process. I 
cannot determine deSnitely whether or not it has been fractured also. The Bndings do 
not suggest platybasia but seem typical of an old injury.” 

Examination of the brain revealed a moderate cortical atrophy with some thicken- 
ing of the pia-arachnoid. In the anterior portion of the left internal capsule and in the 
putamen was an anaemic infarct. An early internal hydrocephalus was present. 

Microscopic Examination 

On microscopic examination, the lesion of the internal capsule and putamen con- 
sisted of fibrous tissue in which were many focal accumulations of gitter cells. Sections 
through the mid-olivary region of the medulla stained for myelin sheaths showed a 
marked degeneration of the pyramidal tract on the left side. The medial lemniscus and 
the inferior cerebellar peduncle appeared to be normally myeUnated. At a slightly 
lower level in the medulla degenerative changes in the dorsal spinocerebellar tracts, espe- 
cially on the left side, were present (Fig. 3). Sections through the thoracic portion of 
the spinal cord revealed a marked degeneration in both crossed pyramidal tracts, and 
slight degeneration in the anterolateral portions of the white matter. These changes 
were most marked on the left side of the cord (Fig. 4). 

DISCUSSION 

Unfortunately we did not have the opportunity to study this patient 
when her signs and symptoms referable to the cord injury were not com- 
plicated by other lesions. The neurological findings during convalescence 
from the lesion in the left internal capsule and the degenerative changes 
found at autopsy in the tracts of the cord prove, however, that the 
patient did have persistent bilateral pyramidal-tract lesions attributable 
to the injury sustained thirty years before her death. It is of interest 
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that tho dc'goiu'rativo (‘hnngos in the pyramidal tracts below the site 
of comin-ession were greatest on the left side, even though the infarct was 
in the left internal capsule. The left side of the cord was in nearest prox- 
imity to the odontoid process. 

Fraetnre of the atlas is relativelj’' infrequent^, but, contrary to lay 
o])inion, is not a.^J.sociated with a particular)}’- high mortality 2. Fracture 
of the odontoid process, liowcA-er, is eharactei-ized by a very high mortal- 
it}' Indeed, this is the mechanism of death b}’^ hanging. The odontoid 
jn’oeess is held in position b}’- a strong transverse ligament posterior to it, 
and it is quite unusual for the normal anatomical relation between it and 
the adjacent structures to be disturbed. We have no detailed information 
concerning the trauma in the case presented, but must necessarily assume 
that it was extremel}’’ severe in order to tear this transverse ligament. 

The author wislic.-^ to express his sincere thanks to Drs. Bronson Ray, Lewi.s Steven- 
son, John R. Carty, and Charles Reavis for their assistance in the study of this case. 
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ICS OF THE LIGAMENTS AND MENISCI OF 
THE KNEE JOINT 
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BALTIMORE, MARYLAND 

Frotn the Departments of Anatomy and Surgery, University of Maryland School of 

Medicine 

There is a vast amount of literature available discussing the move- 
ments of the knee joint and the function of the ligaments controlling 
these movements. A comprehensive review of the literature reveals no 
unanimity of opinion concerning the function of the knee-joint ligaments, 
and often equivocal statements are made. A studj'' of the literature on 
this subject leaves one bewildered. Accordingly, a reinvestigation of 
the subject was made. 

Fick published an excellent discussion of all aspects of the knee 
joint. His Avork is highly recommended because of its thoroughness. 
He discusses at length controversial subjects and his conclusions coincide 
for the most part with those of the present investigation. 

To discuss fully the contradictory statements with regard to liga- 
ment function would necessitate a long paper in itself; hence only a 
brief reAuew of a feAv points of disagreement will be considered. The 
lateral femoral condyle acts as the axis of rotation of the knee (Camp- 
bell®, Vails ^®). The lateral femoral condyle is not the axis of rotation 
(Fick ^®). Anterior gliding of the tibia on the femur is prevented by the 
anterior cruciate ligament, and posterior gliding of the tibia on the 
femur is prevented by the posterior cruciate ligament (Conwell Gallie 
and LeMesurier Saunders Smith Hey GroA'^es BristoAv Jones 
and Smith -"). Pringle’s discussion of this function is equivocal. Hor- 
AAutz and DaAddson belieA'^e the collateral ligaments do more to pre- 
A'^ent anteroposterior motion than do the cruciate ligaments. The tibial 
collateral ligament is relaxed in flexion (Murphy Steindler Bennett h 
Vails McMurray®®). The tibial collateral ligament, or some portion 
of it, remains taut in all positions of extension or flexion (Mauck 
HorAAutz Fick^®). Lateral stability — abduction or adduction of the 
tibia on the femur — is maintained by the collateral ligaments, the cruci- 
ate ligaments, and the menisci (Kreuscher Smith ^-). Abduction of 
the tibia on the femur tears the tibial collateral ligament, and adduction 
of the tibia on the femur tears the fibular collateral ligament (BristoAV ■*, 
Campbell 0 - Removal of either or both menisci AA^hen injured or dis- 
eased is the general practice, and a stable knee is obtained (Shands, 
Hutchinson, and Ziv Chandler Henderson = 2 , Kreuscher BristoAV \ 
Bennett ", etc.). 

The cruciate ligaments are the important stabilizers of the knee 
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(Hoy Grovo.s Ciallie and LoMosuncr '®, Smith Bristow ^). Cruciate 
ligaments are vestigial structures (Herzmark The collateral liga- 
ments are the main stabilizers of the knee joint (Conwell Ryerson 
Horwitz Bennett ')■ The tibial collateral ligament is the most impor- 
tant ligament of the knee (Milch Rupture of the anterior cruciate 
ligament results in no instability (Darrach Saunders ■*“, Milch 
Rupture of the cruciate ligaments gives a permanently disabled knee 
(He 3 ’- Groves ='•). Rujiture of the posterior cruciate ligament invariably 
gives an unstable knee (Gallic and LeMesurier The anterior cruciate 
ligament is taut in extension, and the posterior cruciate ligament is taut 
in flexion (Bennett Jones and Smith Both cruciate ligaments are 
taut in extension (Saunders ■‘®). Some portion of both cruciate liga- 
ments is tense in all positions of extension or flexion (Pick '«). The 
anterior and posterior cruciate ligaments are taut in extension and 
complete flexion, but are i-elaxed in semiflexion (Smith According 
to Steindler and Pick the greatest amount of capsule distention is 
at 20 to 30 degrees of flexion, while Mayer and Burman lead one to 
believe this is not true. 

If the importance of function of knee-joint ligaments can be based 
on the clinical necessity of repair, there is considerable controversy. If 
ruptured collateral ligaments are repaired, ruptured cruciate ligaments 
seldom need to be repaired (Dickson and Lawrence Cotton and Mor- 
rison ", Bosworth and Bosworth Henderson Mauck ®‘’, Ryerson 
Darrach Horwitz and Davidson -®, Bennett ^}. Repair of ruptured 
cruciate ligaments is usually necessary (Cubbins, Conley, Callahan, and 
Scuderi Cubbins, Callahan, and Scuderi ", Campbell Strick- 
ler ", Lee -®, Hey Groves Gallic and LeMesurier Mayo Robson 
Smith Pringle It is important to repair the collateral and cruciate 
ligaments if ruptured (Campbell Smith Hey Groves *0- It would 
seldom be necessary to repair the collateral ligaments, since repair would 
be natural, if proper protection were given to the acutely injured knee 
(Bristow^). Many other discrepancies could be given. 

METHODS AND MATERIAL OF INVESTIGATION 

In the course of a study of approximately 100 knee joints, obser- 
vations have been made which seem to offer some clarification of the 
functional role of the ligaments of the knee joint, and tend to settle 
some of the moot points mentioned. 

Many of the joints were obtained from thigh amputations, and 
were studied in the fresh condition, while others were secured from 
embalmed cadavera. 

The joints were dissected in every conceivable manner with special 
reference to the capsule and ligaments. Tests of function and motion 
Avere made in fresh and presen'ed joints stripped of all parts except the 
ligaments. Individual ligaments and combinations of ligaments were 
cut, and the function of the ligaments and motion of these joints were 
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\ were split in different planes, and the bone configura- 
bring into view the ligaments and their activities. The 
\injected, and frozen cross sections were made. The 
-xig individual ligaments and combinations of ligaments was 
fresh intact knee joints. Microscopic studies were made of 
tibial collateral ligament and medial meniscus. 

A duplication of injuries by forced tearing of ligaments or capsule 
(Pringle Horwitz and Davidson Honigschmied Pagenstecker 
was not attempted because, in the absence of muscular support, force 
could not be applied in a manner which would duplicate the forces which 
cause injury in the living subject. 

In order to measure more accurately the degree of lateral motion 
— abduction and adduction of the tibia on the femur — a simple appara- 
tus was devised. A vice was solidly set into a piece of timber. Upright 
bars with pulleys were made fast to the timber at different levels and posi- 
tions. The femur was fixed in the vice and a wooden piece fixed to the 
tibia. By means of a pointer the movements of the tibia could be meas- 
ured. Lateral and rotary force then could be applied to the tibia under 
set conditions by suspending weights from the tibia by means of a cord 
over the upright bars and pulleys. The bars were in different positions to 
allow the force to be applied on a horizontal plane. For lateral motion 
a weight of 3.5 kilograms was suspended from the tibia, 10 centimeters dis- 
tal to the articular surface. By the same method of force application 
the joint was held in extension — really hyperextension — by a weight of 
2.1 kilograms while lateral motion was measured as stated above. For 
rotation a weight of 2.1 kilograms was suspended 10 centimeters distal 
to the tibial articular surface on a 7-centimeter lever arm. There was 
one degree of error in the apparatus. While in extension both lateral 
and rotary motions could be very accurately measured, but difficulty was 
encountered in consistently maintaining exactly 90-degree flexion or full 
flexion. This difficulty probably accounts for inconsistencies in Table I 
where occasionally, after cutting a ligament, less motion, by a few 
degrees, was noted. In a stripped joint it is almost impossible to deter- 
mine aceurately the neutral position. Accordingly, the degree of lateral 
motion is not divided into medial and lateral rotation. [Unfortunately, 
this is a recent part of the experiment and has been carried out on only 
twenty-three joints (Table I).] 

The figures used in the text are the results of observations on all 
joints studied, including those measured. There is considerable varia- 
tion in motion from joint to joint, which makes average figures seem 
inconsistent when applied to an individual joint. 

By a fresh joint is meant one recently amputated and studied with- 
out preserving. The joints were kept in the ice box until the study was 
over, and then were discarded or put in formalin for future reference. To 
avoid repetition, the statement “fresh intact joint” will niean a fresh 
joint without anything removed, not even the skin. A ' stripped joint 
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will inclicato a joint with all .structures removed down to and including 
the caiisule, Init with the ligaments and menisci of the knee joint intact. 
Lateral motion will mean abduction or adduction of the tibia on the 
femur, and rotation will mean pronation or supination of the tibia on 
the femur. 

In the fresh joint the ligaments are stronger and more resilient than 
in the prc.'jcrved, and, therefore, the motion and function are more 
nearly normal. Joints preserved in formalin show less lateral and rotary 
motion than do fresh joints; however, joints obtained from embalmed 
anatomical cadavera allow more lateral and rotary motion than do the 
fresh joints. 


MOTION OF THE NORMAL KNEE JOINT 

In a completclj’' extended knee joint both collateral (Figs. 2a and 
9a) and cruciate (Fig. 12a) ligaments are taut, and the anterior aspects 
of both menisci (Fig. 10b) are snugly held between the condyles of the 
tibia and the femur. The greater the hyperextension, the tighter are 
these ligaments, and the tighter are held the anterior aspect of the men- 
isci. In the first few degrees of flexion, there is a medial rotation of the 
tibia on the femur of about 1 to 3 degrees. As flexion continues, the 
fibular collateral ligament relaxes (Figs. 5o and 9i>) and remains relaxed 
even in full flexion. The tibial collateral ligament remains taut through- 
out flexion, but the area of tension is changed from the whole width of the 
ligament in extension to the anterior portion of its fibers while in complete 
flexion. The posterior portion of the ligament is then relaxed (Fig. 2). 
The tibial collateral ligament slides posteriorly on the surface of the tibia 
with flexion, and its midportion slides from a few millimeters to one 
centimeter when the joint moves from complete extension to full flexion 
(Fig. 2). Both cruciate ligaments remain taut throughout flexion and 
more stre.ss is placed on them in full flexion (Fig. 12). Accordingly, the 
three ligaments, tibial collateral and both cruciates, remain taut, but 
not tense, throughout flexion. They are somewhat more taut from about 
80 to 100 degrees of flexion. Both menisci slide backward with flexion. 
Often the medial meniscus moves only a few millimeters backward 
while the lateral one moves at least one centimeter. In full flexion the 
posterior aspect of both menisci are snugly pressed between the condyles 
of the tibia and the femur (Fig. lOo). 

Since in full extension or hyperextension both collateral and cru- 
ciate ligaments are tense, practically no lateral motion or rotation is 
present (Table I). In flexion with relaxation of the fibular collateral 
ligament (Fig. 3) there is a variation in rotation of 6 to 24 degrees in 
fresh intact joints (Table I). The tibia rotates on the femur more in the 
lateral than in the medial direction. The tibial collateral ligament and 
both cruciate ligaments remain taut in all positions of flexion but not 
tense as in complete extension, thus allowing some lateral motion in 
flexion; the greatest amount of lateral motion is allowed between 30 and 
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Fig. 1 

A mold of a normal distended joint cavity. 

A fresh intact joint was injected with dental plaster under slight pressure. 

The plaster hardened and the joint was stripped of all tissue but ligaments and 
menisci. The plaster mold represents a normal distended knee-joint cavity 
and the extent of the synovial membrane. The infrapatellar pad of fat is out- 
side the joint cavity and synovial membrane which stops short at the upper end 
of the tibia, but extends for a considerable distance over the femur as the 
suprapatellar bursa. The collateral and cruciate ligaments and the menisci 
are actually outside the synovial membrane. Posteriorly, the joint capsule 
and synovial membrane cover the posterior aspect of the femoral condyles 
individually. 

1 : Partially removed popliteus muscle and its tendon. 

60 degrees of flexion. [At 90 degrees’ flexion there is a variation of 4 to 9 
degrees of lateral motion in fresh intact joints (Table I).] 

The rotation of the femur on the tibia as the joint comes into or 
leaves complete extension is controlled by the bone architecture of the 
joint as well as its ligamentous arrangement. The articular surface of 
the medial femoral condyle is larger than that of the lateral femoral con- 
dyle (Fig. 11a). In the beginning of flexion the lateral femoral condyle 
rolls backward considerably farther on the lateral tibial plateau than does 
the medial femoral condyle on the medial tibial plateau. The greater 
backward displacement of the lateral meniscus is direct evidence of this. 
The medial meniscus moves backward very little. The greater back- 
ward displacement of the lateral femoral condyle indicates the rotation 
of the femur; accordingly, the axis of rotation of the knee must be near 
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Fig. 2 

A stripped joint showing tibial collateral ligament. 

a: Tension on the tibial collateral ligament is distributed throughout its 
width in extension. 

b: In flexion the area of tension is shifted to the anterior portion of its 
fibers while the posterior portion is relaxed. Some portion of the ligament is 
taut in eveiy position. The sliding of the ligament backward in flexion and 
forward in extension is indicated. 



Fig. 3 

The lateral aspect of a stripped joint revealing normal medial and lateral rotation. 
Rotation is normally possible m a flexed knee joint. 

a: On lateral rotation of the tibia on the femur the fibular collateral ligament 
tightens. 

b: In the normal position with neither lateral nor medial rotation, the fibular col- 
lateral ligament is relaxed. 

c: On medial rotation of the tibia on the femur the fibular collateral ligament again 
tightens. Normal rotation of the tibia on the femur in fle.xion would not be present 
if the fibular collateral ligament were not relaxed. 
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the medial femoral condyle. Greater freedom of motion of the lateral 
femoral condyle is allowed by the relaxation of the fibular collateral 
ligament (Fig. 3). 

In twenty-five knee joints the tibial collateral ligament was meas- 
ured from the articular surface of the tibial condyle to the attachment 
of the ligament to the tibia. The greatest distance was 5.7 centimeters; 
the shortest, 3.8 centimeters; and the average, 4.6 centimeters. In 
measuring from the articular surface of the tibial condyle to the distal end 
of the tibial collateral ligament, the greatest length was 9.5 centimeters; 
the shortest, 6.4 centimeters; and the average, 7.8 centimeters. The 
sliding of the tibial collateral ligament forward and backward in exten- 
sion and flexion (Fig. 2) occurs because the anterior bone attachment 
of the ligament is distal to the tibial articular surface. The posterior 
aspect of the ligament is attached to the tibia immediately superior and 
lateral to the insertion of the semimembranosus muscle. This attach- 
ment limits the anterior progress of the ligament in extension, and its 
relaxation in flexion permits the posterior gliding of the ligament. There 
is close approximation of this ligament to the medial meniscus, but not 
a fixed immovable fibrous attachment (Fig. 13). The medial meniscus 
moves forward in extension and backward in flexion, but not to such a 
great extent as the tibial collateral ligament. The statements just made 
are not obvious in preserved specimens, but are readily demonstrated in 
fresh joints. That the ligament does not have a bone attachment to 
the tibia throughout its whole distance over the tibia is evident because 
the inferior medial genicular artery courses between the ligament and 
the tibia, and often a bursa is interposed between the ligament and 
the bone. 


LATERAL MOTION OF THE KNEE JOINT 

In the discussion of lateral motion any abnormal rotation which 
may be present will be neglected. In a stripped preserved joint there is 
practically no lateral motion in complete extension. In flexion there are 
a few degrees of lateral motion which is greatest between 30 and 50 
degrees of flexion. With fresh intact joints there is a variation of 2 to 5 
degrees of lateral motion in complete extension, and 4 to 9 degrees in 
90-degree flexion (Table I). When either (Figs. 4a and 45) or both (Fig. 
6a) collateral ligaments are cut, there is practically no change in the 
lateral motion if both cruciate ligaments are intact. When both col- 
lateral ligaments are intact and either anterior or posterior cruciate liga- 
ment is cut, there is no change in lateral motion. If, however, both 
cruciate ligaments are cut and both collateral ligaments are intact 
(Fig. 4c), there is no abnormal lateral motion in extension, but there is 
abnormal lateral motion in flexion because then the fibular collateral 
ligament is normally relaxed (Figs. 5a and 56). Abnormal motion 
present when other combinations of ligaments are cut can be seen by 
referring to Table I. 
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Fig. 6 

A stripped joint with both collateral ligaments cut and both cruciate ligaments 
and menisci intact. 

a: There is no abnormal lateral motion of the joint. (This is also true in flexion.) 
h: Very little abnormal medial rotation of the tibia on the femur is possible because 
the cruciate ligaments twist on themselves. 

c; Free lateral rotation of the tibia on the femur is possible because the cruciate 
ligaments untwist in this motion. 

In fresh intact joints, when all ligaments are cut, there is a variation 
of lateral motion of 2 to 11 degrees in extension, 12 to 32 degrees in 90- 
degree flexion, and 10 to 32 degrees in full flexion (Table I). Reference to 
Table I will reveal that removal of one or both menisci does not materi- 
ally change lateral motion. Lateral motion is increased somewhat if 
rotation is permitted. 

Lateral motion of the knee joint in extension is controlled by the 
capsule, both collateral, and both cruciate ligaments; in flexion it is 
controlled by the capsule, tibial collateral, and both cruciate ligaments 
(the fibular collateral is relaxed). (In the living the muscles and tendons 
about the knee aid in lateral stability.) 

ROTARY MOTION OF KNEE JOINT 

In the discussion of rotary motion any abnormal lateral motion 
which may be present will be neglected. In a stripped preserved joint 
there is practically no rotation in complete extension, but in flexion 
there is present some rotation (Table I); in the fresh intact joints, the 
rotation varies from 6 to 24 degrees in the 90-degree position and 4 to 21 
degrees in full flexion. Relaxation of the fibular collateral ligament in 
flexion allows this normal rotation in flexion (Fig. 3). When the tibial 
collateral ligament is cut, there is no rotary change while in extension, but 
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a: Lateral rotation and anterior gliding of the tibia on the femur are not possible 
because the pull is in the direction of the attachment of the anterior cruciate 
ligament. 

b: Medial rotation of the tibia on the femur is possible because it relaxes the 
anterior cruciate ligament, and gliding of the tibia posteriorly on the femur is 
possible for the same reason, 

c; Medial rotation and forward gliding of the tibia on the femur are possible 
because this motion relaxes the posterior cruciate ligament. 

d: Lateral rotation and backward gliding of the tibia on the femur areimpossible 
because the pull is in the direction of the attachment of the posterior cruciate 
ligament. 

in flexion there is about double the normal amount of rotation present 
(Table I). When the fibular collateral ligament is cut, there is practi- 
cally no abnormal rotary change in the position of extension or flexion. 
When the posterior cruciate is cut, there is no rotary change while in 
extension, but in flexion the amount of rotation is increased (Table I). 
This is also true for the anterior cruciate ligament. When both cruciate 
ligaments are cut, there is practically no rotary change in extension, but 
the rotation while in flexion is three times greater than normal (Table I). 
When both lateral ligaments are cut, there is present external rotation of 
about 180 degrees or more in either the extended or flexed position 
(Fig. 6). It is important to point out, however, that this abnormal 
rotation is lateral rotation of the tibia on the femur coincidental with the 
untAvisting of the cruciate ligaments (Fig. 6c). There is practically no 
abnormal medial rotation of the tibia on the femur because the cruciate 
ligaments tend to tivist on themseWes (Fig. 65); thus the cruciate liga- 
ments alone can control internal rotation of the tibia on the femur. 


VOL. XXIir, NO. 1, JANUARY 1941 



54 


O. C. BR ANTI GAN AND A. F. VOSHELL 




THE JOURNAL OF BONE 


AND JOINT surgery 


Tin; MttAMKNTS AND MKNISCI OF THE KNEE JOINT 55 

Ill'll a .stripped joint is .sjilit tliorc are two workable halves (Fig, 7). 
The lateral half has the (ibiilar collateral and anterior cruciate ligaments 
intact, and the medial half has intact the tibial collateral and posterior 
cruciate ligaments. When the lateral half is in extension, there is no 
abnormal lateral rotation becau.sc such motion pulls in the direction of 
the attachment of the anterior cruciate ligament (Fig. 7a); however, in 
flexion there is abnormal lateral rotation becau.se the fibular collateral 
ligament is relaxed. In the medial half of the joint there is no abnormal 
lateral rotation of the tibia on the femur in either exten.sion (Fig. 7d) or 
flexion, because the pull is exactly in the direction of the attachment of the 
posterior cruciate ligament. There is abnormal rotation in the medial 
direction, however, in both halves, because this motion relaxes the 
cruciate ligaments (Fig. 75 and 7c). This reveals that the cruciate liga- 
ments, working in association with the collateral ligaments, help control 
lateral rotation of the tibia on the femur. Reference to Table I will 
reveal rotary changes that occur when other combinations of ligaments 
are cut. Removal of one or both menisci does not materially change the 
rotary stabilit}’' of the joint (Table I). 

In the fresh intact joints, when all ligaments are cut, there is a 
variation of rotary motion of 4 to 25 degrees in extension, 22 to 
42 degrees in 90-degree flexion, and 10 to 33 degrees in full flexion 
(Table I). 

Rotary stability of the knee joint in extension is controlled by the 
capsule, both collateral, and both cruciate ligaments; in flexion, by the 
capsule, tibial collateral, and both cruciate ligaments (the fibular col- 
lateral ligament is relaxed). 

BACKWARD AND FORWARD GLIDING OF THE TIBIA ON THE FEMUR 

In the study of forward and backward gliding of the tibia on the femur 
other abnormal motions will be omitted. There is no demonstrable for- 
ward or backward motion when the preserved or fresh stripped joint 
is intact. In the stripped preserved joint, when the posterior cruciate 
ligament is cut, there is only a millimeter or two of backward gliding of 
the tibia on the femur in exten.sion, but this is increased in flexion. Ex- 
tension and flexion of the joint are practically normal. When the anterior 
cruciate ligament is cut, there is only a millimeter or two of forward 
gliding of the tibia in extension, but in flexion this is increased about three 
times. In such a joint extension is normal, but in full flexion the lateral 
femoral condyle tends to roll completely off the lateral tibial condyle 
(Fig. 8). (One cadaver specimen revealed an old rupture of the anterior 
cruciate ligament, and this joint showed the same findings.) The lateral 
femoral condyle is allowed to roll off the lateral tibial condyle because the 
fibular collateral ligament is relaxed in flexion (Fig. 5a). Of course, this 
would not occur if the capsule were intact. In extension when both 
cruciate ligaments are cut and both collateral ligaments are intact, the 
gliding forward and backward of the tibia on the femur is about 
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5 to 6 millimeters. This 
small amount of motion is 
due to the definite tightening 
of the collateral ligaments in 
complete extension. In flex- 
ion the forward and back- 
ward gliding amounts to 
about 10 to 12 millimeters, 
and the lateral femoral con- 
dyle again tends to roll off 
'III. '■) the lateral tibial condyle. 
Greater forward and back- 
ward gliding is not present 
in the preserved joint, be- 
cause the tibial collateral 
ligament is more intimately 
attached to the tibia and 
medial meniscus by the hard- 
ening of the intervening 
areolar tissue by the fixing 
solution; thus the tibial col- 
lateral ligament does not 
slide on the tibia as it does 
in the fresh joint. Accord- 
ingly, the tibial collateral 
ligament pre^'-ents excessive 
forward and backward glid- 
ing of the medial side of the tibia on the femur in preserved joints, 
but not in fresh joints. In the stripped fresh joint with both cruciate 
ligaments cut and both collateral ligaments intact, the amount of forward 
and backward gliding in extension depends considerably on the force of 
hyperextension, but in flexion there is about 1.5 to 2.0 centimeters. The 
attachment of the posterior aspect of the tibial collateral ligament to 
the posterior surface of the tibia limits the forward and backward gliding 
of the medial tibial condyle on the femur when the joint is in extension. 
However, in flexion the posterior portion of the tibial collateral ligament 
is relaxed and therefore exerts no control over this motion. (If rotation 
is permitted, the anterior and posterior gliding appears greater.) In the 
intact fresh joint with both cruciate ligaments cut, it is difficult to meas- 
ure accurately the amount of forward and backward motion, but it cor- 
responds quite well with the findings stated. However, the rolling of the 
lateral femoral condyle off the lateral tibial condyle, when the anterior 
cruciate ligament or both cruciate ligaments are cut, is not noticeable, as 
this is prevented by the capsule and soft structures. When all ligaments 
are cut, there is a variable amount of forward and backward motion, 
usually about 2.5 centimeters in flexion. 
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Fig. 10 

A stripped joint showing the relationship of the 
menisci to the condyles in full flexion (a) and 
complete extension (6). The collateral ligaments 
in the drawings were removed for clarity but were 
intact in the joint tested. 

a: In hyperflexion the posterior aspect of the 
medial meniscus acts as a cushion between the fe- 
mur and the tibial condyle (I). (A drawing of the 
lateral meniscus would reveal the same condition.) 

b; In hyperextension the anterior aspect of the 
lateral meniscus is snugly held by the lateral 
condylar notch and the tibial condyle, thus acting as 
a cushion (£). (A drawing of the medial meniscus 
would reveal somewhat the same condition.) 
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'Plio nntorior cruci- 
ato ligaiiK'Ht iirovonls 
forward gliding of tho 
tibia on tho fc'inur bo- 
cause such force is di- 
rected in (lie line of the 
altaelnnent of (he an- 
terior cruciate ligament 
(Fig. 7a). The poste- 
rior cruciate ligament 
prevents backward glid- 
ing of the tibia on the 
femur because sueh force 
is directed in the line of 
attachment of the pos- 


Ifled. femoral 



terior cruciate ligament 
(Fig. 7f/). 

Since the anterior 
and posterior cruciate 
ligaments are taut in 
all positions of extension 


A .stripped joint with all ligaments and menisci intact 
but with the patellar surface of the femoral condyles 
removed. 

a: The joint is in normal full flexion. 
b: The joint will move into slightly more than 90- 
degree hyperextension. Note the femoral condyles are 
elliptical in outline and the medial femoral condyle is 
almost twice as large as the lateral femoral condyle. 
Ligament control and tension are unchanged. 


and flexion (Fig. 12), 
they are very important in maintaining the exact normal anatomical re- 
lationship between the tibial and femoral condyles. 

Reference to Table I will indicate that the tibial collateral and ante- 


rior cruciate ligaments probably add greater stability to the knee joint 
than do the fibular collateral and the posterior cruciate ligaments. 


LATERAD GLIDING OF THE TIBIA ON THE FEMUR 

The possibility of lateral gliding of the tibia on the femur can be dis- 
missed with a few words about the bone architecture of the condyles. 
The intercondyloid eminence of either tibial condyle so fits in the curved 
articular surface of the intercondyloid fossa of the femur that definite 
bone contact prevents any lateral gliding in either direction (Fig. 9). Of 
course, with ligaments cut allowing excessive lateral motion, this bone 
structure is obviated. 


HYPEREXTENSION AND HYPERFLEXION 

In the stripped joint both collateral (Figs. 2a and 9a) and cruciate 
ligaments (Fig. 12a) are taut in complete extension, and the anterior 
aspects of the menisci (Fig. 10b) are held snugly in the notches of the 
medial and lateral femoral condyles. As hyperextension is attempted, 
all four ligaments become very tense; and the anterior aspect of both 
menisci becomes definitely compressed between the femoral and tibial 
condyles. The architecture of the femoral cond 3 des, and to a lesser 
degree the attachment of the ligaments, brings this about. The portions 
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The split surface of tlie medial half of a split, stripped joint. The tibial collateral 
and po.sterior cruciate ligaments are intact. The manner of attachment and the 
rolling of the posterior cruciate ligament keep some portion of it taut in all positions 
of extension and flexion. 

a: The posterior cruciate ligament prevents hyperextension, with the greatest 
stress on the fibers of the posterior position. The attachment U) of this ligament to 
the femur is horizontal to the joint in extension. 

b: Partial flexion shows smoothly changing tension from the posterior to the anterior 
fibers as the ligament rolls upon itself (S). 

c: The posterior cruciate ligament prevents hyperflexion, with greatest stress on the 
anterior fibers. Its attachment to the femur is vertical to the joint in full flexion (S). 

(A similar view of the lateral half of a split joint would show essentially the same 
features for the anterior cruciate ligament.) 

of the femoral condyles that are in relation to the tibial condyles have 
definitely a smaller curve than the portions that are in relation to the 
patella. This abrupt change in the curve of the condyles wedges the 
tibial portion of the femoral condyles away from the tibial condyles, thus 
attempting to lengthen the distance between the attachments of the liga- 
ments. The medial and lateral femoral condylar grooves, being most 
prominent on the lateral condyle, aid in holding the menisci from gliding 
farther forward (Fig. 106). 

When the femoral condyles are cut away and the ligaments left 
intact (Fig. 11), the joint will go into more than 90 degrees’ hyper-extension. 
The femoral condyles cut in such a manner are elliptical in contour. 

As the joint is flexed, the fibular collateral ligament relaxes and 
remains so even in complete flexion. The tibial collateral ligament 
shifts its tension from the whole width of the ligament to the anterior 
fibers, but some portion remains taut in all degrees of flexion (Fig. 2). 

It can be shown on either half of the split stripped joint that both 
the anterior and posterior cruciate ligaments remain taut throughout all 
degrees of flexion and become definitely tense when hyperextension is 
attempted (Fig. 12c). 
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lion an x-ray of a living knee joint in full forced flexion is compared 
with a sfriiijied joint in full flexion, the stripped joint has about 10 to 15 
degrees more flexion. In the stripped joint full flexion finally is limited 
by the bone jiortion of the femur above the condyles coming in apposi- 
tion vith the tibial condyles and being cushioned by the posterior aspects 
of the menisci (Fig. lOn). In the intact joint as well as in the living joint 
the femoral attachment of the posterior aspect of the capsule and the 
femoral attachment of both heads of the gastrocnemius muscle act with 
the menisci as a cushion, limiting hj’^perflexion. 

Aijproximatelj' twelve attemjits were made to dissect a joint down to 
the cajisule, leaving the cap.sule intact. This could not be accomplished 
on the anterior and anterolateral a.spect of the joint, but could be easily ac- 
complished on the jiosterior asjiect. Anteriorly, the capsule could al- 
ways and easily be demonstrated from the periphery of the tibial articular 
surface to the menisci, but above the menisci it blended with tendons and 
deep fascia of the extremity in such a way that it was always lost. The 
patellar tendon, jiatella, and quadriceps tendon replace the capsular 
structure in their respective regions. 

In hyperextension the iiosterior aspect of the capsule and the oblique 
popliteal ligament are tense. In hyperflexion the capsule apparently 
takes no part in checking the motion. 

Hyperextension is checked by both collateral ligaments, both cru- 
ciate ligaments, the posterior a.spect of the articular capsule, the oblique 
popliteal ligament, the anterior aspect of the menisci, and especially the 
architecture of the condyles of the femur. 

Hyperflexion is checked by both cruciate ligaments, the posterior 
aspect of the menisci, the femoral attachment of the posterior aspect of 
the capsule, the femoral attachment of the gastrocnemius muscle, and the 
bone architecture of the femur. The cruciate ligaments are most im- 
portant. (In the living, muscle action will have much to do with check- 
ing both hyperextension and hyperflexion.) 

THE MENISCI 

The motion of the menisci has been discussed. Their cushioning 
effect in hyperextension and full flexion was noted. The lateral meniscus 
is smaller in diameter, thicker about the periphery, and usually wider than 
the medial. In addition to its strong bone attachment, it is attached to 
the anterior cruciate ligament in front and the posterior cruciate ligament 
behind by strong fibrous tissue. (When present, the ligament of Wrisberg 
attaches the lateral meniscus to the femur. ) It is separated from the fibular 
collateral ligament by the popliteus tendon. The medial meniscus is 
much larger in diameter, thinner about the periphery, usually narrower, 
and has no fibrous attachment to either cruciate ligament. It is closely 
related to the tibial collateral ligament, but-only by areolar tissue. There 
is no strong fibrous attachment between the tibial collateral ligament and 
the medial meniscus (Figs. 13 and 14), and often a bursa is interposed. 
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Fig. 13 

Photomicrograph of the medial meniscus and tibial collateral ligament. In gross 
dissection of fresh knee joints the tibial collateral ligament can be stripped from the 
medial meniscus with the handle of the scalpel. A block of tissue was taken from 
each of six fresh joints, removing a portion of the tibial collateral ligament with a 
corresponding portion of the medial meniscus. Sections were made parallel with 
the fibers of the tibial collateral ligament approximately through its center. 

1 shows the medial meniscus; 2, the junction of the capsule of knee joint and 
the meniscus revealing fibrous tissue attachment; S, true capsule of knee joint; 

4, tibial collateral ligament; 6, synovial membrane; and 7, bursa. The area en- 
closed by dotted lines is shown in higher magnification in Fig. 14. 

The fibrous tissue of the true capsule of the knee joint blends intimately 
with the menisci about the periphery (Fig. 13). The lateral meniscus, 
however, is separated from the capsule where the popliteus tendon enters 
the joint. The circle enclosed by the medial meniscus is several times 
larger than the circle enclosed by the lateral meniscus. A study of the 
circles enclosed by the two menisci reveals that the articular surface of 



Fig. 14 

Photomicrograph of section taken from Fig. 13. 1 indicates the medial 

3, the true capsule of knee; 4, the tibial collateral ligament; B, areolar tissue be ' 
the medial meniscus and the tibial collateral ligament; and 7, the bursa witn i 
ing membrane. 
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the mc'dial femoral cond 3 ’'lc is in apposition ivith the tibial condyle over 
a rather broad area adjacent to the medial intercondyloid eminence 
(Fig. 9), vliile the lateral femoral condyle is in apposition with the tibial 
condyle oxer a veiy small area adjacent to the lateral intercondyloid emi- 
nence; thus leaving a large area about the periphery of the lateral tibial 
and femoral combdes ratlier wide apart (Fig. 9). This, of course, is 
evident because the lateral meniscus about the periphery is thicker than 
the medial. 

This observation suggested a review of 100 diagnostic roentgeno- 
grams of tlie knee joint. These were picked at random, except for the 
rejection of those witli destructive lesions or joint fractures. Only those 
in or near extension were measured, and in all the smallest space interval 
was used. "Where there was overlapping of bone and no space, the over- 
lap was measured and recorded as a minus quantity. The anteroposte- 
rior view was used. The average joint space on the medial side was 0.53 
millimeters and on the lateral side, 3.48 millimeters; the average differ- 
ence in the joint spaces was 2.95 millimeters. The greatest joint space 
on the medial side was 6.8 millimeters, and on the lateral side 9.2 milli- 
meters. The greatest difference between the medial and lateral spaces 
was 7.2 millimeters; the smallest difference was 0.4 millimeters. On the 
face of this evidence it seemed that there should be abnormal lateral 
motion present when the lateral meniscus was removed, but on both 
preserved and fresh joints this was not borne out (Table I). 

The menisci cushion hyperextension and hyperflexion. (The men- 
isci do not cushion a blow from above or below because condylar articular 
contact between the tibia and the femur is always present.) The menisci 
fill an otherwise dead space between the periphery of the condyles of the 
tibia and the femur, and keep capsule and synovia from becoming pinched 
between the femoral and tibial condyles. (One complete discoid cartilage 
was found in this series of joints.) 

The ligament of Wrisberg, when present, tends to control the lateral 
meniscus, pulling it backward in flexion and preventing it from sliding 
too far forward in hyperextension. 

The alar folds, ligament mucosa, and transverse ligament seem to 
defy assignment to a concrete function. When present the transverse 
ligament is taut in hyperextension, tending to prevent excessive separa- 
tion of the anterior aspect of the menisci. 

DISCUSSION 

The following statements are generally accepted without contro- 
versy; Both collateral ligaments are taut in complete extension. The 
cruciate ligaments by twisting on themselves prevent abnormal medial 
rotation of the tibia on the femur. In the beginning of flexion the femoral 
condyles roll on the tibial condyles (certainly the lateral femoral condyle 
rolls on the lateral tibial condyle, but whether the medial femoral con- 
dyle rolls at all is under investigation), and, after a certain degree of 
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flexion, the femoral condyles glide at one point on the tibial condyles. 
There is a small amount of lateral motion present in the normal knee 
joint. A certain amount of rotation is normally present in the flexed 

TABLE I 

CONTROI. BY THE LlG.YMENTS OF L.VTEU.YIj AND ROTABY MOTION IN FrESH 

Intact and Preserved Knee Joints * 
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* Ligaments were cut tliroiigh a small incision in the joint and incision sutured in the intact fresi 1 
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position. Thoro is latoral rotation of tlio fomur on the tibia in the first 
few cleprcM's of flexion. The [losterior aspect of tlie capsule and the oblique 
pojiliteal ligament aid in preventiiif^ h3q3ercxtension. The fibular col- 
lateral liRainent is relaxed in flexion. 

All agree that muscular, tendinous, and fascial structures about the 
knee make up one of its important stabilizers and add great strength 
to the joint. 

It is generall}’- aceeiited that the tibial collateral ligament is inti- 
matel.y attached to the medial meniscus by fibrous tissue (Campbell^ 
Hendenson Saunders Honvitz^, Smith Vails etc.). From the 
stiub'^ of the jiresent series of joints, it seems evident that there is no 
strong fibrous ti.ssue connecting the.se two structures. To verify this, 
further investigation is being carried on. 

Motion of the menisci gives good evidence that the medial femoral 
condjde acts more nearl}'' as the axis of rotation of the knee joint. The 
backward or forward motion of the menisci is controlled by the move- 
ment of the femoral cond 5 des. In moving from extension to flexion the 
lateral meniscus moves backward a considerable distance which indicates 
the rolling backward of the lateral femoral condyle and corresponds to 
the lateral rotation of the femur. The medial meniscus moves backward 
only very slightly. 

It is ei’ident from its attachments and position that the anterior 
cruciate ligament preiTiits forward gliding of the tibia on the femur, 
and the same can be said about backward gliding being prevented by 
the posterior cruciate ligament. However, in hyperextension both collat- 
eral ligaments arc tight and, thei-efore, by forcing the tibia and femur 
tightly together will reduce such motion to a minimum. In determining 
the effect of the tibial collateral ligament on this function, its attachment 
must be carefully considered. If it were firmly attached to the whole 
adjacent portion of the tibia, it would prevent forward and backward 
motion of the tibia on the medial side, but it is not so attached. Its 
posterior attachment, however, does limit po.sterior gliding on the medial 
side while in complete extension, though its posterior portion is relaxed in 
flexion. The fibular collateral ligament cannot possibly exert any effect 
in flexion because it is relaxed. Clinically, anterior and posterior motion 
can always be demonstrated under the relaxation of anaesthesia if either 
the anterior or posterior cruciate ligament is ruptured (Pringle 
Milch Cubbins, Callahan, and Scuderi *-). 

That some portion of the tibial collateral ligament is taut inwall 
phases of extension and flexion is evident from the fact that abnormal 
rotation of the joint is prominent when this ligament is cut. 

It is evident from Table I and the work alread}'- discussed that both 
collateral ligaments, both cruciate ligaments, and the capsule are impor- 
tant in maintaining the lateral stabilitj’’ of the joint. Clinicall 3 % collateral 
ligament injuries have associated cruciate ligament injuries and there maj' 
or may not be menisci injuries (Cubbins, Callahan, and Scuderi Camp- 
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bell ®, Conwell Bosworth and Bosworth Vails Conwell and All- 
dredge ®). Considering the small part the menisci play in lateral stability, 
one has only to consider the ^Yell-established fact that a normally func- 
tioning knee usually results when one or both menisci are removed at 
operation. This is borne out by Table I. 

The most relaxed position of the joint capsule is from 15 to 30 
degrees of flexion because all the joints assumed this position when dis- 
tended by the injection of plaster. In order to have the joint in the 
extended position, it had to be held so until the plaster hardened. 

In discussing the advisability of repairing the anterior cruciate liga- 
ment only or the tibial collateral ligament only when both are ruptured, 
it is probably safe to state that both should be repaired. In the knee 
joint there is a very close interrelationship among the functions of the 
collateral and cruciate ligaments, and the capsule. It is hardly possible 
to give one or more separate and definite functions to any one ligament. 
When the capsule is incised and sutured, it is intentionally or uninten- 
tionally tightened. If either the tibial collateral ligament or the anterior 
cruciate ligament is repaired, when both are ruptured, then there is re- 
stored to normal all but one of the five important stabilizing structures 
of the knee joint (disregarding muscular support). Therefore, the 
repair of either the tibial collateral or the anterior cruciate ligament 
gives a satisfactorily functioning knee joint. The close interrelationship 
of the ligaments is the important factor in restoring stability, and not the 
greater importance of one ligament over the other. 

CONCLUSIONS 

The integrity of the knee joint depends upon the muscles and tendons 
about the knee, the articular capsule, the intrinsic ligaments of the joint, 
and the bone architecture of the tibia and femur. 

Lateral motion of the knee joint in extension is controlled by the 
capsule, collateral ligaments, and cruciate ligaments; in flexion, by the 
same structures minus the fibular collateral ligament. 

Rotary motion of the knee joint in extension is controlled by capsule, 
collateral ligaments, and cruciate ligaments; in flexion, by the same 
structures minus the fibular collateral ligament. 

Forward gliding of the tibia on the femur is controlled by the anterior 
cruciate ligament. 

Backward gliding of the tibia on the femur is controlled by the pos- 
terior cruciate ligament. 

Lateral gliding of the tibia on the femur is controlled by the tibial 
intercondyloid eminence and the femoral condyles with the aid of all the 
ligaments. 

Hyperextension is controlled by both collateral ligaments, both cruci- 
ate ligaments, both menisci, the posterior aspect of the articular capsule, 
the oblique popliteal ligament, and the architecture of the femoral condy es. 

Hyperflexion is controlled by both cruciate ligaments, both menisci, 
the femoral attachment of the posterior aspect of the capsule, the femora 
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attachment of both heads of tlie gastrocnemius muscle, and the bone 
structure of the comedos of tlie femur and the tibia. 

The menisci cushion Ii3’'pcrexten.sion and h3’’perflexion. 

Tlie tibial collateral ligament is cIosel3f related to the medial menis- 
CU.S, but there is no strong fibrou.s-fi.ssue attachment between them. 

The tibial collateral ligament glides forward and backward in exten- 
sion and flexion. 

Tlie drawings from which were made Figures 1 to 12 are the work of Ruth Bialek. 
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THE CONSICin’ATn'E C'O.MPENSATION-DEROTATION 
TREATMENT OF SCOLIOSIS'*' 

BY A. STKINDLlCn, M.D., F.A.C.S., lO'O'A CITY, IO'V\"A 
IX COLLABOUATIOX WITH C. W. UUHLIX, M.D., lOAYA CITY, IOWA 

I'rom Ihf Dcparliiivn! of OrlhopnvilicSurgrri/, Stale U nii'crsity of Iowa Hospitals, Iowa City 

TIu' law that adoquato treatment of deformity implies complete resto- 
ration of form as well as of funetion eannot be applied to the ease of 
struetiiral scoliosis without qualification. 

In the first place, one eannot speak of restoration of form in the strict 
anatomical sen.se e.xcept in a few eases. In the second place, if recovery of 
function mean.s complete automatic muscle-controlled stability and 
mobilitj’’, it is a requirement which can be met fully only in rare instances. 
Consequently, according to the standard of treatment in other deformi- 
ties, the treatment of scoliosis is a compromise. 

We believe that this compromise is acceptable for three reasons. 

1. The important factor in the deformity is not the curve itself, but 
rather the loss of posture which it involves — the lack of alignment be- 
tween the head, shoulders, and pelvis — so even if it is not possible to restore 
the anatomical form of the column, it is possible in a majority of cases, to 
approach a normal posture. We call this the realignment of the spine by 
compensation. 

2. When this passive realignment is once obtained, the musculature 
can in a great many cases, be adequately developed to maintain activel}’- 
the posture so regained, even though the mobility of the spine has been 
greatly reduced by the scoliosis. 

3. In the absence of adequate musculature, the entire mobility of 
the spine can be sacrificed by fusion, and the posture thus maintained 
passively. 

In any event, restoration of alignment or posture is a necessary pre- 
requisite. The question then is, whether the two prerequisites of success- 
ful conservative treatment — the degree of compensation necessary to 
restore posture or general trunk alignment, and the degree of muscle 
function required to maintain it actively — are available. 

It is practically impossible to answer this question at the outset e.x- 
cept in the negative sense. For instance, we maj'’ be certain that in a 
severe high thoracic or thoracocervical scoliosis satisfactor 3 ’- realignment 
cannot be obtained, or that, in a case of paralytic scolio.si.s, adequate 
muscle development is out of the question. In the great majority of 
cases, however, realignment and maintenance of posture represent two 

* Read before the Meeting of the American Orthopaedic Association, Kansas City, 
Missouri, May 7, 1940. 
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Fig. 1-A Fig. 1-B 

Photograph (Fig. 1-A) and roentgenogram (Fig. 1-B) show liabitual scoliosis 
with a spontaneous compensation of a thoracic curve of 55 degrees by a lumbar 
curve of 57 degrees. Compensation is holding after four years. 

individual variables which only long study and observation of the specific 
case can evaluate. 

TYPES OF CASES 

In practice we meet five types of cases as follows; 

1. Those which realign or compensate themselves spontaneously 
and, with adequate muscle power at their disposal, maintain such correc- 
tion during the period of rapid growth and after adolescence (Figs. 1-A 
and 1-B) . This is a small group of 30 per cent. 

2. Those in which adequate compensation can be accomplished by 
conservative means, without destroying the stability of the spine, and in 
which, also, adequate muscle tone to maintain such correction can be 
developed by conservative treatment. Here belong the majority of slight 
and moderate habitual and rachitic cases (Figs. 2-A, 2-B, 3-A, and 
3-B). 

3. Those in which adequate compensation can be maintained, and 
where adequate muscle power can be developed, but where, because of 
marked adaptive or congenital osseous changes, and in spite of good mus- 
culature, compensation is likely to break down again. The more severe 
habitual cases, still progressing, and the congenital cases, especially those 
with an oblique fifth lumbar vertebra, belong to this group. The spines 
of these patients probably should be fused. 
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Fig. 4 

Roentgenogram showing congenital 
‘■coliosis Obsei vation time two yeai s. 


Fig. 5 

Roentgenogiam showing habitual sco- 
liosis. Observation time foui yeais. 
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''truclural clrfonnil^y. TIk'M' include the most severe congenital cases 
(Fig. -1); (he .^'vere and inveterate habitual typo (Fig. 5); the most severe 
jiaralytic type (Fig. 6); and those with a severe cervicothoracic rachitic 
cur\-e. If (he condition is still piogiessing, the spine should be fused; if it 



Fig. S 

Hoentgenogiani showing a tlioiacic 
cui VP compensated bva lumbai cuive 



Fig 9 


Roentgenogi am showing a high tho- 
lacic cuive compensated bv a cei vicotlio- 
lacic cuive 



Fig. 10 

Roentgenogi am showing a thoiaco- 
lumbai cuive compensated by a lumbo- 
saci at cui ve 



Fig. 11 

Roentgenogiam showing a long tlio- 
lacic cuive compensated by a cei\ icotlio- 
lacic and a lumbai cuive. 
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is already set, it should be left alone or treated by support. In neither in- 
stance is the treatment satisfactory. 

ALIGNMENT BT COMPENSATION-DEROTATION 
Adequate Alignment 

In an adequate alignment by compensation-derotation a perpen- 
dicular line, drawn from the middle of the bimastoid line and passing 
through the mid-point of the shoulder line, should strike the gluteal 

cleft. The compensation, by the 
development of one or more counter- 
curves of the opposite order, abol- 
ishes obliquity of the shoulder line, 
elevation of the shoulder, and pro- 
trusion of the pelvis on the concave 
side. A maximum of four curves 
is possible; cervical or cervicotho- 
racic, thoracic, thoracolumbar or 
lumbar, and lumbosacral. 

A mid-thoracic primary curve 
is compensated bj’- a lumbar 
curve (Fig. 8); 

A high thoracic curve, by a cer- 
vicothoracic curve (Fig. 9); 

A thoracolumbar curve, by a 
lumbosacral curve (Fig. 10); 
A long thoracic curve, by a 
cervicothoracic and a lumbar 
curve (Fig. 11); 

A lumbar curve, by a lumbo- 
sacral curve with oblique fifth 
lumbar vertebra (Fig. 12). 

The nature of the scoliosis determines the limits of correction. Al- 
though in all scolioses lateral deviation is combined with rotation on the 
convex side, the relative degree of the two deforming elements varies. 

The inclinatory or contracture type, such as paralytic scoliosis, is 
much more easily compensated than the structural or collapse type. In 
this latter type, the translatory shift of the vertebrae indicates that they 
are not anchored in the costal cage, as in rachitic scoliosis. The lateral 
deviation, as well as the rotary element of the deformity, represents 
structural changes. Consequently, treatment of the inclinatory or con- 
tractural-type of scoliosis — early habitual or paralytic — will result in much 
better correction than will treatment of the collapse or structural type. 

Finally, it must be realized that when the spine rotates, the thoracic 
cage does not follow it as one mechanical unit. It is more correct to say 
that the spine moves into the convex side of the thorax in both latera 
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Fig. 12 

Roentgenogram showing a lumbar 
curve compensated by a lumbosacral 
curve and an. oblique fifth lumbar 
vertebra. 


Results of Compensation-Derotation 
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(iovialion ami rotation. As tlio spinal column rotates, the thoracic cage 
is, more and more, left behind the much more rapidly rotating column, 
so that it actually remains on tlu' concave side of the spinal curve. The 
usual attempt to correct the rib deformity by concave-.side rotation is, 
tlierefore. inln'rently vrong, and can have no other effect than to accentu- 
ate the already e.xisting disproportion between the spine and the thorax. 

If compen.sation is obtained before the period of rapid growth, there 
is a tendency, during this period, for the curves to .settle with an increase 
in angular values, though the compensation is not lost. 


Method 


If the sections of the spine beyond the curve are sufBciently pliable, 
the immediate effect of bending the trunk to the convex side is always 
the ]5roduction of counter curves above and below the primary one. It 
is only .secondaril}' that the ]Drimaiy curve is shortened and flattened 
according to the degree of its rigidit 3 L Hence compensation becomes 
doubtfid in ca^es of obliquitj'' of the fifth lumbar vertebra; moreover. 


the compen.sation of the cervicothoracic or low 



Fig. 13- a 


Fig. 13-B 


Photogiapli (Fig. 13- A) and roentgenogram (Fig. 13-B) illustrating adequate 
treatment of a habitual scoliosis by complete lumbar compensation in a patient 
with a thoiacic primar}' curve, horizontal pelvis, and horizontal fifth lumbar 
vertebra. 
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V(’rt('l)r;i, is nol, loo loop:, both iipjior oik] loivor counter cur\'cs may be 
adequately developed. In a thoracic piimavy curve, with the twelfth 
thoracic the transitional \’crlebr;i, (ho lumhar counter curve may be devel- 
oped and comphde comiieiisation olitained. In a tlioracolumbar primary 
curve, witli the first lumbar (lie (ran"-itional vertebra, a lower lumbar curve 
may st ill be jin.'-silile, excejit when ( here i^ an oblique fifth lumbar vertebra. 
A lumbar scoliosis with an obliipn' fifth lumbar vertebra pro^re.sses, and 
later may develop a si'condary thoracic counter curve, but the mainte- 
nance of comiiensation without fusion is doubtful. 

The eomiieusation-derotation treatment consists in; 


Equilihralion of Ihv Pclvin 

The pelvis must be horizontal with its rotation corrected. Difference 

in the length of the extremitie.s mu.st be 
equalized (Figs. 13-A and 13-B). 

Elimination of Weight-Stress 

Pending the development of active 
muscle balance and the mobilization of the 
spine to develop adequate covmter curves, the 
sjnne must be protected. This is done in the 





Fig. 16-A Fig. 16-B 

Photograph (Fig. 16-A) and roentgenogram (Fig. 1(5-B) illu'^trating adequate 
treatment of a congenital or rachitic scolio'^is in a patient with a liorizont.il ])el\ i- 
and liorizontal fifth lumbar vertebra. 
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beginning by recumbency and traction, and later by mechanically ade- 
quate suppoit. Mechanical adequacy of support implies: (1) a neck 
extension piece to control the spine above the eighth thoracic vertebra, 
and (2) a leg extension piece to secure the trunk against the pelvis. 



Fig 17 Fig. 18 


Roentgenogiam showing a severe Roentgenogram show ing a i igid lumbar 
paralytic scoliosis w hich was com- spine w hich could not be compensated 
pensated, but in w Inch the compensa- 
tion failed to hold 



Pig. 19 


Roentgenogram showing scoliosis m a 
patient w ith an oblique pelvis Consei v- 
ative treatment w as inadequate. 



Fig. 20 


Roentgenogram showing a con- 
genital high thoracic scoliosis 
which was not compensable 
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^[obil^:atl07} of ihc Spine 

iMohili?, alien of (he spinal sections adjacent to the primary curve by 
side-bending and derolalion is undertaken for the purpose of developing 
alignment by coiniiensatory curve's. The passive mobilization is effected 
by side-bending and derotation manoeuvres already described on previous 
occasions.' Forcible coinpensat ion b}'- a Risser cast commits one to subse- 
quent fusion and is, therefore, to be reserved for prospective operative cases. 
It is certain that the development of counter curves and the shortening of 
the jiriinaiy curve is better obtained 
ly the corrective cast, but a spine so 
treated does not hold this correction 
of its own accord and, therefore, 
must be fused. 

Development of Muscle Tone 

Sj'stematic development of 
muscle tone and improvement of 
the mechanical efficiency of the 
musculature by S3unmetrical and 
asymmetrical exercises are aimed at 
the active maintenance of correc- 
tion. These exercises are especially 
designed to develop the long back 
and abdominal muscles, and to pro- 
vide freedom and strength in the 
rotary movements of the shoulder 
girdle and pelvis. Compensation 
curves are developed automatically 
by the rotation of the shoulder girdle 
and pelvis in the direction opposite 
to the primary curve. The mechan- 
ical adequacy of these curves depends upon the nature, size, and degree 
• of the primary curve, and upon the amount of pliability of the other sec- 
tions of the spine from which the counter curves are formed. Mainte- 
nance of correction ultimately depends upon the actwe development of 
the tone of the back and shoulder muscles. 

It is, therefore, necessary that muscle development keep step with 
the mobilizing methods. A brace is applied while the niusculatuie is be- 
ing developed to a state of mechanical sufficiency. The effect of this 
brace is not curative, but preventive. It is to safeguard, to enforce active 
correction and active maintenance of posture, and to prevent the progres- 
sion of the curve by collapse. 

Secondary decompensation may develop from muscular insufficiency , 
in one of two ways: Either, the primary curve may extend upvard into 
the cervicothoracic section, with an overhang of the head on the conca^ e 



Fig. 21 

Roentgenogram showing congenital sco- 
liosis in a patient with an oblique pelvis 
and an oblique fifth lumbar vertebra for 
which conservative treatment was in- 
adequate. 
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side and a secondary readjustment of the head over the pelvis by shifting 
the trunk toward the convex side; or it may extend downward into the 
lumbar compensatory curve, with a total shift of the trunk toward the 
convex side: 

During the ambulatory period the brace provides against the former 
event through its neck piece, and against the latter through its thigh piece. 

CRITERIA OF MUSCLE SUFFICIENCY 

1. Standing and recumbent lengths of the thorax are the same. 

2. Distensibility of the spine is diminished. 

3. Posture is maintained actively, permanently, and without effort. 

4. Normal sense of thoracic equilibrium is restored. 

INDICATIONS AND CONTRA-INDICATIONS 

The compensation-derotation treatment is adequate when the follow- 
ing conditions are present: 

1. Complete lumbar compensation of a thoracic primary curve 
with horizontal pelvis and horizontal fifth lumbar vertebra, as in a 
habitual scoliosis with a moderate curve (Figs. 13-A and 13-B). 

2. Complete lumbar compensation of the thoracic primary curve 
with horizontal pelvis, but oblique fifth lumbar, as in a non-paralytic 
scoliosis, with a straight upper thoracic spine and a moderate curve 
(Figs. 14-A and 14-B). 

3. A short and moderate thoracic curve with a straight upper and 
straight lumbar spine, as in a congenital or habitual scoliosis in a patient 
who has passed the period of rapid growth (Figs. 15-A and 15-B). 

4. A primary lumbar curve, with a horizontal pelvis and a hori- 
zontal fifth lumbar, as in a rachitic or congenital scoliosis (Figs. 16-A 
and 16-B). 

The compensation-derotation treatment is inadequate in the follow- 
ing cases: 

1. All paralytic cases, with possibly a few exceptions of the mildest 
types (Fig. 17). 

2. Severe cases of all ages and types, which, because of a rigid lum- 
bar spine, remain uncompensated (Fig. 18). 

3. All scolioses with oblique pelvis, except those in patients close to 
the completion of groAvth (Fig. 19). 

4. All high thoracic or cervicothoracic curves, not completely 
compensable. There are, however, some congenital high thoracic and 
cervicothoracic cases with congenital fusion which hold after conservative 
treatment (Fig. 20). 

5. Congenital scoliosis with oblique pelvis and oblique fifth lumbar 
(Fig. 21). 
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HESIILTS OP TREATMENT 

Eigliiy jior cent, of our patients were treated conservatively and only 
20 per cent, were operated upon. 

Of these, one hundred cases treated conservatively by the compensa- 
lion-derotation method, were selected on the basis of completene.=s of 
record and time of observation. All had five years or more of post-treat- 
ment observation. The types of these .scolioses were distributed as 
follows: 


Habitual . 

... 69 

Paralytic . 

... 14 

Rachitic .... 

7 

Congenital 

. . 10 


100 


Sixty-four of the spines were mobile and thirty-six rigid at time of the 
examination. Spontaneous compen.sation had occurred at that time in 
thirt}'- cases, of which twenty-four ivere habitual, three congenital, two 
rachitic, and one paralytic. Complete compensation was obtained by 
treatment in fifty cases, incomplete or no compensation in twenty cases. 

As a result of this type of treatment the correction held in eighty 
cases and failed in twenty. 

Nine of the failures were paralytic cases, which indicates an error in 
selection. It should be noted that of the twenty cases which could not be 
adequately compensated, only one held; the others failed. 

All cases of spontaneous compensation held in the presence of good 
musculature. No attempt was made to correct the primary curve except 
in five of these cases, and they finally lost their compensation and failed 
because of inadequate musculature; the rest were kept under careful ob- 
servation, proper support, and development of the musculature, and 
remained compensated. 

Paralytic and severe structural non-paralytic scolioses did not respond 
to conservative treatment alone and in these patients, who are not con- 
sidered in this series, the spine had to be fused. An increase in the pri- 
mary curve took place under conservative treatment in individuals before 
or early in the period of rapid growth, but not in older patients. How- 
ever, this did not mean a break in compensation or loss of posture. 

A later series of twenty-one cases, treated conservati^’ely by the com- 
bined derotation-compensation method with a follow-up of two years or 
more, gaA^e the following results: 

Four, or 19 per cent, of the patients were compensated on admission, 
and were treated by support and muscle development onty; all of them 
maintained the correction. 

Seventeen, or 81 per cent, were not compensated at admission, and 
were treated by manipulative correction, derotation, muscle development, 
and support. The average period of time necessarj’- to obtain complete 
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compensation was eight months. Of these seventeen, only one patient 
with a congenital scoliosis and a hemisacralization of the fifth lumbar failed 
to respond. 

In this series twenty cases, or 95 per cent., held their correction, and 
one, or 5 per cent., failed to do so. 

There were no paralytic cases in this series and only two congenital. 
The improvement of results over the former series (95 per cent, versus 80 
per cent.) is due to the better selection of cases. 

CONCLUSIONS 

1. Compensation of the scoliosis is a necessary prerequisite for 
maintenance of correction and posture. 

2. The combined compensation-derotation method is adequate to 
obtain compensation in suitable cases and leads to definite maintenance of 
posture. 

3. The rotary deformity of the thoracic spine cannot be corrected at 
present. Attempts to correct the thoracic deformity by rotation to the 
concave side are preposterous. The thorax is already rotated to the con- 
cave side in relation to the spinal column, and such attempts only make 
the situation worse. 

4. Derotation is directed toward the lumbar and cervicothoracic 
section of the spine, and, by limbering up these sections, aids in the devel- 
opment of adequate counter curves. 

5. If the compensation can be accomplished without forcible cast 
correction, and provided muscle development is adequate, the spine need 
not be fused. However, if the compensation must be forced by a cast, 
fusion will become necessary to hold the correction obtained. 

6. Failure must be expected, vdth or without fusion, when compen- 
sation is lost or not obtained. Only a few cases at the end of the growth 
period hold the correction when decompensated. 

7. Failure must also be expected in the absence of adequate muscle 
development, unless fusion is performed. 

8. Compensation-derotation plus adequate muscle development 
promises success in the great majority of all non-paralytic cases. 

9. Adequate compensation-derotation plus fusion in the presence of 
inadequate musculature, likewise, holds out promise of success in all 
paralytic and many congenital cases. 

1, STEiNDnER, A.; Haiisa, W. R.; .and Cooper, William: The Compensation-Derota- 
tion Treatment of Scoliosis. J. Bone and Joint Surg., XXI, 51, Jan. 1939. 
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TREATMENT OF GAS GANGRENE EXPERIMENTALLY 

PRODUCED 

BY GUY A. CALDWELL, M.D., NEW ORLEANS, LOUISIANA 

Since 1S02 when YTlcli” first described the bacillus later given his 
name, jicrsisfent efforts ha\’e been directed toward controlling the in- 
fection by medicinal agents, antitoxins, roentgen-ray therapy, and surgi- 
cal measures. Recent exjierimontal work on mice indicates that p-amino- 
benzcnesidfonamide (sulfanilamide) has definite bacteriostatic action 
against Welch’s bacillus. That patients with gas gangrene have 
shown improvement and even recovery following the administration of 
sulfanilamide is clinical evidence .supporting such studies^. Jensen and 
his coworkers were able to reduce considerably the incidence of gas 
gangrene associated with compound fractures when this drug was im- 
planted in the debrided wound. Because few pyogenic infections develop 
in compound wounds debrided and treated with sulfanilamide, it was 
believed safe to close most of them without drainage. Closure of wounds 
communicating with fractures and contaminated by organisms producing 
gas gangrene was previously considered dangerous^- It, therefore, 
has become important to determine accurately whether debrided wounds 
implanted with sulfanilamide may be closed without fear of further prog- 
ress of the infection. 

Bli.ss and Long® in a report of their experimental work state, “Re- 
cently we have noted that sulfanilamide has a curative effect in mice in- 
fected with Clostridium welchii. Studies made on the peritoneal exudates 
of treated and untreated mice have been of great interest. . . . The 
inoculum was prepared. . . . Then 0.5 c. c. of this suspension was inocu- 
lated by the intraperitoneal route into test mice. ... At six hours and 
fifteen minutes after infection all three control mice were dead of toxemia, 
while the treated mice were well on the way to recoverjL . . . The results 
of these and other similar experiments with Clostridium welchii seem to 
indicate that as far as this particular organism is concerned sulfanilamide 
acts primarily by reducing the rate of multiplication of the organisms in 
the peritoneal cavity of the infected animals. In other words, the chemi- 
cal has a bacteriostatic action in vivo as well as in vitro.” 

These experiments, indicating that sulfanilamide acts primarily by 
reducing the rate of multiplication of the organisms in the peritoneal 
cavities of infected animals, suggested that when the clostridia are propa- 
gating more rapidly, as they do in devitalized muscles i®, the effect of the drug 
might not be so curative. Kendrick ’ was the first to report experiments in 
which gas gangrene was induced primarily in the muscles and treated with 
sulfanilamide. Since most clinical cases occur in the muscles surrounding 
compound fractures, accurate evaluation of the efficacy of the drug can be 
made only by experimentally producing a compound fracture, using 
Welch’s bacillus, and then treating the animal with sulfanilamide. 
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Because several clinical reports in recent years have shown that 
roentgen-ray therapy arrests the progress of gas gangrene and no satis- 
factory experimental work has been carried out to substantiate this 
theory, it was decided to induce gas gangrene in the muscles of guinea 
pigs and subject them to irradiation. 

The Welch’s bacillus is an obligatory anaerobe which propagates 
slowly with little tendency to invade tissue in the presence of adequate 
amounts of oxygen. Many oxidizing agents have, therefore, been tried, 
but found relatively inefficacious when the infection occurs in deep wounds 
of the muscles. Recently, Meleney and Johnson® have found, however, 
that a paste made from zinc peroxide emits oxygen slowly over a period of 
twenty-four hours. They were able to destroy various anaerobes by 
placing this paste in crater-like wounds containing these organisms. No 
experiments have been reported in Avhich zinc peroxide has been implanted 
in wounded muscles infected with Welch’s bacillus. Experiments were, 
therefore, planned to determine whether zinc peroxide would prevent the 
development of gas gangrene in compound fractures. 

PLAN OP THE EXPERIMENTS 

Guinea pigs were selected for the experiments because of their sus- 
ceptibility and because their bones are large enough to permit drilling 
several holes in the cortices of their femora. Since it is not practical to 
splint and dress the fractured bones of guinea pigs, the marrow cavity was 
exposed to infection by drilling multiple holes through the outer cortex, 
thus producing the counterpart of a compound fracture which did not 
necessitate splinting. A transplant of the strain of the Welch’s bacillus 
employed by Bliss and Long ® in their experimental work on mice was 
obtained. Its morphological and cultural characteristics Avere verified 
and further transplants then used throughout the experiments. 

Each guinea pig was anaesthetized with ether and a short incision 
was made on the outer side of the right thigh. The fascia and muscles 
were split and retracted, and drill holes were made in the cortex of the 
femur. The muscle fibers were then cut transAmrsely in several places 
and crushed with a hemostat. Amounts of a twenty-four-hour broth 
cultui’e of the Welch’s bacillus, A'^aiying from 0.15 to 0,3 cubic centimeters 
were dropped into the wound (not injected into the body of the muscles). 
The ineision was then sutured with continuous silk, and, after intervals of 
from one to six hours, various treatments and surgical measures were 
instituted. 

Implantation of Sulfanilamide Crystals 

Nineteen guinea pigs Avere prepared as described aboA’e. At intervals 
of from one to six hours after the inoculations, debridements were done, 
but the wounds were not irrigated. Fifteen to 30 milligrams of sulfanila- 
mide crystals AA^ere then sprinkled OA'er the surfaces of bone and muscles, 
and the Avounds were sutured. 
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RcsiiUs. Of these nineteen animals, fifteen died after six to forty- 
eight hours and the other four lived. Eight controls, inoculated only, died 
after fourteen to eighty-six hours. Four controls to determine the 
effect of operative trauma, anaesthetics, and toxicity of the drug, lived. 

Inirapcritoncal Injcclions of Sulfanilamide 

A second series of e.x]3erimpnts was undertaken to determine whether 
intraperitoneal injections of sulfanilamide would prevent the development 
of gas gangrene when the infected wounds were debrided, irrigated with 
saline solution, and left open. Two hours after the inoculation of the 
wound, a debridement of the skin, fascia, and muscles was done, followed 
bj’" irrigation of the wound with saline solution. Immediately after this 
procedure, 50 milligrams of sulfanilamide were given intraperitoneally 
and repeated every six hours until the animal either expired or had lived 
forty-eight hours. 

Results. Of nine animals thus treated, seven lived and two died 
after twelve hours. Control experiments on ten animals carried out with 
slight variations resulted in the death of eight after eighteen to ninety-six 
hours, and the survival of only two. 

Implantation of Zinc Peroxide 

Wounds were infected with Welch’s bacillus as in the preceding ex- 
periments. After two hours these were d4brided, irrigated with saline, 
and a thin paste made of zinc peroxide after the method of Meleney was 
poured into the wound and retained by suturing the skin. After forty- 
eight hours, the wounds were opened, remnants of the paste were removed 
by irrigations with saline, and the wounds were left open. 

Results. Four of the five animals lived, the other died; two animals, 
inoculated only, died in thirty-six hours. The four animals that survived 
developed moderate swelling of the thighs for twenty-four hours, did not 
appear ill, and never had the clinical evidences of gas gangrene. The 
animal that died had gas gangrene, but upon opening the wound it was 
found that the paste of zinc peroxide remained waxy, firm, and brownish 
in color, whereas in all the other animals it had changed into hard, white 
crystals of zinc oxide. 

Roentgen-Ray Therapy 

To determine the effect of roentgen rays upon the development of gas 
gangrene, two series of experiments were performed. The first group of 
animals was so traumatized and infected as to produce a fulminating 
type of infection ending in death of the controls at twelve to fourteen 
hours. The second group with less trauma and smaller numbers of 
organisms had less severe infections resulting in death of the controls 
after forty-eight to seventy-two hours. To estimate accurately the \-alue 
of roentgen rays in combatting gas-gangrene infection, this group of 
animals received no treatment except roentgen therapj’’. The first 
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group was given 100 to 200 roentgen units one to three hours after the 
inoculation. 

Results. Of ten animals thus treated, three lived and seven died after 
eight to eighteen hours. Four controls, similarly inoculated but not 
treated, died after twelve to seventy-two hours. All three of the sur- 
■\uving animals had the clinical maiiifestations of gas gangrene during the 
first forty-eight hours; the process then became localized, the gas and 
oedema disappeared, and there appeared extensive areas of dry necrosis of 
the skin followed by deep sloughing into the muscular layers. 

SUMMARY 

An effort has been made to produce experimentally, in guinea pigs, 
the counterpart of a compound fracture infected with a lethal number of 
Welch’s bacilli, and to treat these in some of the various ways suggested 
by clinical and laboratory observations. 

Debridement of the wounds followed by implantation of 15 to 30 
milligrams of sulfanilamide crystals and closure resulted in the survival 
of only four of nineteen animals. 

Debridement and irrigation of similar wounds left open, and followed 
by the administration of 50 milligrams of sulfanilamide intraperitoneally 
every six hours, resulted in the survir'^al of seven of nine animals. 

Debridement and irrigation of such wounds followed by implantation 
of zinc peroxide paste and suture of the wounds resulted in the survival 
of four of five animals. 

Wounds similarly produced and sutured and treated with roentgen 
rays in varying dosage at different intervals were followed by death in 
seven of ten animals. 


CONCLUSIONS 

As far as can be determined by experiments in which a crude counter- 
part of a compound fracture infected with Welch’s bacillus has been pro- 
duced in the thighs of guinea pigs, the following observations are correct: 

1. Sulfanilamide crystals implanted in such infected wounds after 
debridement seldom control or prevent the development of gas gangrene. 

2. Administration of large doses of sulfanilamide by intraperitoneal 
injection after the wound has been debrided, irrigated, and left open pre- 
cludes the development of gas gangrene in a high percentage of cases. 

3. Implantation of zinc peroxide paste in debrided wounds prevents 
the development of gas gangrene in most instances. 

4. Roentgen-ray treatment has no effect upon the progress of a 
fulminating type of gas gangrene, but does bring about some localization 
of the process when given one to two hours after inoculation, and when the 
animals survive forty-eight hours and longer. 

5. The bacteriostatic effect of sulfanilamide upon Welch’s bacillus 
injected into the abdomen is not duplicated when the same organisms are 
planted in traumatized muscular tissue. 
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6. Furtlior experiments sliould be carried out to confirm these con- 
clusions, and others to ascertain whether combinations of zinc peroxide 
paste in the wound and sulfanilamide given orally or intraperitoneally 
may not be more effective tlian eitlier of them alone. 

tCxjJcriiiicnfs were carried out in the laboratories of the Touro Infirmarj'^ wdth the 
advice and valued a.ssistancc of the late John A. Lanford, M.D., Assistant Professor of 
Pathology and Bacteriology, and Meyer D. Teitelbaum, M.D., Instructor in Radiology, 
Tulanc Universitj' of Loui.«iana, School of Medicine. Their sincere interest and help are 
gladly acknowledged and greatly appreciated. 
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SURGICAL APPROACH TO THE PROXIMAL END OF THE . 
RADIUS AND ITS USE IN FRACTURES OF THE HEAD AND 

NECK OF THE RADIUS 

BY EMANUEL B. KAPLAN, M.B., NEW YORK, N. Y. 

From the Hospital for Joint Diseases, Neiv York 

The approach to the radial head and neck is not considered very dif- 
ficult, because the head is rather superficially located and may appear 
easily accessible. However, in spite of its apparent ease and accessibility, 
there are important anatomical structures which change position with 
pronation and supination of the forearm. The change in the relative posi- 
tion of these structures with pronation and supination is very important 
and must be known to avoid serious injury to the branches of the radial 
nerve. 

A preliminary anatomical study was made of this region with the in- 
tention of establishing : first, the relationship of the branches of the radial 
nerve to the lateral epicondylic ridge of the humerus; and, second, the 
relationship of the posterior branch of the radial nerve to the neck of the 
radius, when the forearm is placed in pronation and supination. The 
relationship of the branches of the radial nerve to the epicondylic ridge is 
important, because the exposure of the radial head can be made very 
much more satisfactorily if the surgical incision is extended about an inch 
and a half above the humeral epicondyle. The relationship of the poste- 
rior branch of the radial nerve to the neck of the radius is of utmost im- 
portance, because this branch recedes about one inch from its position in 
supination to its position in pronation. 

In the study of the relationship of the branches of 'the radial nerve and 
muscles to the lateral epicondylic ridge of the humerus, the following 
structures are involved : the brachioradialis, the extensores carpi radialis 
longus and brevis, the lower end of the triceps brachii, the anconeus, the 
extensor digitorum communis, and the supinator radii brevis, and their 
nerve branches. It was noticed in the course of the study, that the nerve 
supply to the brachioradialis comes through a branch which emerges from 
the radial nerve, anterior to the epicondylic ridge about two and a half 
inches above the epicondyle. This branch divides into several smaller 
twigs which enter the deep surface of this muscle. The nerve of the ex- 
tensor carpi radialis longus is given off about an inch more distal, also in 
front of the epicondylic ridge, and enters the muscle slightly above the 
epicondyle on the deep muscular surface. _ The nerve of the extensor 
carpi radialis brevis is often found crossing the epicondylic ridge from be- 
hind forward, emerging from the posterior branch of the radial nerve 
about one inch lower than the branch to the extensor carpi radialis longus. 
Sometimes the nerve to the extensor carpi radialis brevis appears to come 
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from tlio anterior division of flu* radial nerve. The nerve of the anconeus 
is given off very niueh higher in the posterior compartment of the arm. 
It is a In-aneh of the inferior nerve of the medial head of the triceps 
brachii and it runs far behind the lateral epicondylic ridge. The supina- 
tor radii brevis receives its supply from the posterior branch of the radial 
nerve in its course through the supinator radii brevis muscle. The ex- 
tensor digitorum communis and the other extensor muscles of the forearm 
arc supplied by the posterior branch after its emergence from under the 
lower border of the supinator radii brevis muscle. Thus, an incision 
placed along the lateral e]5icondylic ridge and continued distally between 
the extensor radialis brevis and the extensor digitorum communis, will com- 
pletely avoid all the important nerve branches to muscles in this region. 

Several surgical approaches have been recently proposed. Boyd’s 
approach consists in completely separating the anconeus and the supinator 
radii brevis from their ulnar insertion and then retracting the entire mass, 
including the posterior branch of the radial nerve, externally. This inci- 
sion Avas found coin*enient in cases ivhere the entire upper third of the 
radius and the ulna had to be exposed. However, when only the head of 
the radius has to be approached from the ulnar side, the radius is found 
deeply situated and more difficult to reach. A very good approach was 
described by Cadenat. He placed the incision between the extensores 
carpi radialis longus and brevis. It is known that it is easy to separate 
those two muscles at the level of the elbow, and, by separating them, easy 
to expo.se the posterior branch of the radial nerve as it enters the supina- 
tor radii brevis. In this manner, the preliminary exposure of the poste- 
rior branch avoids injury to this nerve. In making this incision it Avas 
found that the exposure of the head of the radius betAveen the tAVO radial 
extensors of the Avrist made it more difficult to reach the head, and might 
also lead to injury of the nerve of the extensor radialis brevis, since this 
muscle often receives its nerve supply from the anterior branch of the 
radial ner\m. Key and Conwell advise a straight lateral incision betAA*een 
the brachioradialis and the extensor carpi radialis longus. This approach 
may endanger the nerve supply to the extensores carpi radialis longus and 
brevis, if the incision is extended proximally. 

In the anatomical study of a safe incision to the head and neck of the 
radius, the posterior branch of the radial nerve AA^as exposed and its posi- 
tion in pronation and supination noted. Figure 1 illustrates the elboAA', 
exposed through an incision running along the lateral epicondylic ridge, 
then through the posterior part of the lateral ligament of the elboAV joint 
and through the orbicular ligament, doAAm to the space between the ex- 
tensor carpi radialis brcAus and the extensor digitorum communis. This 
incision, AA*ith the forearm in supination as shoAvn in the insert, is made 
posterior to the brachioradialis and the extensores carpi radialis longus and 
breAus, and aAmids the nerve branches supplying these muscles. For 
simplification, the posterior motor branch of the radial nerA'e and the an- 
terior sensory nerA*e are presented more prominently than they are in 
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Fig. 3 

Artist’s drawing showing the operative posi- 
tion of the patient and the exposure of the 
fractured head of the radius. The fractured 
fragment is grasped by the tendon hook and re- 
placed by bone-holding forceps. The posterior 
branch of the radial nerve is safely retracted 
laterally with the brachioradialis and the ex- 
tensores carpi radialis longus and brevis. 



reality to show clearly the relation of the motor branch to the radial head 
and neck. Figure 2 shows the same exposure, but with the forearm 
placed in complete pronation as shown in the insert. It can be seen that 
in pronation the posterior branch of the radial nerve becomes more distal 
in relation to the head of the radius and more external in relation to the 
neck. With these facts in mind it is not necessary to look for and expose 
the posterior branch of the radial nerve when a surgical incision is made. 
It is only necessary, with the forearm kept in complete pronation, to 
avoid placing the incision more than two inches below the articular surface 
of the head of the radius externally, and two and three-quarters of an 
inch below the same surface posteriorly. 

The author’s anatomical study of the approach was made in conjunc- 
tion with treatment of fractures of the head of the radius in children, 
where, according to accepted opinion, replacement of the head is con- 
sidered best. 


OPERATIA''E PROCEDURE 

In the operative procedure developed on the basis of the anatomical 
study, the patient is placed, as shown in the insert (Fig. 3), in a prone posi- 
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Fig. 4- a Fig. 4-B 

Anteroposterior and lateral roentgenograms of a fracture of the neck of the 
radius with lateral and anterior displacement. 



Fig. 4-C 

Roentgenogram showing immediate postoperative reduction. 
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tioii with the forearm in complete pronation, so tliat the little finger points 
uiiward. In this position, an incision is made over the lateral aspect of 
the elbow, starting dircetlj' over the epicondylic ridge about one and one- 
half inches abo\’c the e]neondyle and extending the incision proximally for 
about two inches below the line of the radioluimeral joint. The incision 
is carried right down to the bone between the brachioradialis and the tivo 
radial extensors of the carjius laterallj'^, and the extensor digitorum com- 
munis medially. The first mass of muscles is retracted laterally and the 
extensor digitorum communis is retracted medially. The supinator radii 
brevis muscle is identified in the depth. The radial neck and head are 
exposed. At this stage of the operation it is usually found that the frac- 
tured head is displaced forward, and that it is very difficult to grasp and 
extract it from the depth. A tendon hook can be used to catch the frac- 
tured surface of the displaced head and bring it sufficiently near the surface 
for a bone-holding forceps to secure it. As soon as the head is caught in 
this position, it is eas}’’ to replace it on the fractured neck, and to impact it 
firmly. Once the head is placed in this position, flexion and extension of 
the forearm, as well as pronation and supination, do not seem to displace 
it. The soft tissues are then sutured over the replaced head, and the arm 
is immobilized in a position of flexion and supination, for a period of two to 
three weeks. 

Mayer has stated that, for operation on the head of the radius, the 
prone position of the patient with the forearm in complete pronation, and 
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the incision placed as described above, has been used by him with great 
satisfaction for the past several years. 

ILLUSTRATIVE CASE HISTORY 

A fourteen- 3 ’ear-old boy (No. 77714) admitted to the hospital on July 6, 1939, fell 
six days before onto a concrete ledge of a swimming pool and injured his left elbow. The 
elbow became swollen, flexion and extension almost impossible, and supination and pro- 
nation very painful. Roentgenograms (Figs. 4-A and 4-B) showed a fracture of the neck 
of the radius below the epiphyseal plate. The head was displaced externally and slightly 
forward and was out of contact with the humerus. On this date, through an incision 
made over the extez-nal aspect of the elbow the head was replaced, the orbicular ligament 
sutured, and the forearm immobilized in a posterior splint for three weeks. Postoper- 
ative roentgenogram (Fig. 4-C) showed good realignment. Subsequent examination on 
May 22, 1940, ten months after the operation, showed a good anatomical result (Figs. 
4-D and 4-E). Functionally the elbo\v was normal, the carrying angle was normal, prona- 
tion and supination were complete; flexion and extension of the elbow were equal to 
the normal side, and no atrophy of the muscles could be seen. 
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SPINAL EXTRADUKAL CYST ASSOCIATED WITH KYPHOSIS 

DORSALIS JUVENILIS * 

BY LEO J. ADELSTEIN, M.D., LOS ANGELES, CALIFORNIA 

From the Los Angeles General Hospital and the Department of Surgery, University of 
Southern California School of Mediedne^ 

Xon-parasitic, extradural, spinal cysts are so rarely encountered that 
when Elsberg, D 3 ’’ke, and Brewer, in 1934, presented four cases found 
among 250 records of spinal tumors they believed that their report on this 
condition was the first iiublished. This was closely followed by an ex- 
tremely interesting paper by Lehman, who found three cases, previously 
reported bj’’ Schlesinger in 1898, Krauss in 1907, and Mixter in 1932, and 
added two cases of his own. 

It remained for Cloward and Bucy in 1937 to correlate the presence 
of these cysts with the well-known deformity of the adolescent thoracic 
spine, kj’-phosis dorsalis juvenilis. The latter condition, long recognized 
as Scheuermann’s disease, or occupational or apprentices’ scoliosis, has 
been referred to commonly as vertebral epiphysitis, without any real 
evidence to indicate the underlying pathology. Cloward and Bucy 
demonstrated that, with one exception, all reported cases of extradural 
cysts of the spinal cord, which gave rise to symptoms during adolescence, 
were associated with deformities of the thoracic spine, usually a kyphosis 
of the type seen in Scheuermann’s disease. The presentation of these 
authors leaves little doubt as to the relationship' which exists between 
these benign extradural cysts and the associated vertebral condition, and 
makes a distinct contribution to the pathology of kyphosis dorsalis ju- 
venilis. Aside from clearing up a difficult and vaguely understood 
condition, the thesis of these authors takes its place in modern medicine 
as an example of brilliant clinical reasoning. 

Schanz and Scheuermann were among the first to describe the 
kyphotic deformity, seen in adolescents, which is almost always limited to 
the dorsal spine, and is rounded in type because of the partial collapse of 
several contiguous vertebral bodies. The process is self-arresting. The 
characteristic changes in the vertebral bodies are confined to the anterior 
part of the superior and inferior surfaces with a stepladder notching ar- 
rangement which may become wedge-shaped in the later stages. If 
allowed to progress, the condition becomes fixed, and may not be changed 
during the life of the patient. It was thought originally that the disease 
was a form of vertebral epiphysitis, although no direct evidence of such 
primary involvement could be demonstrated. The most rational ex- 
planation, to date, is that advanced by Cloward and Bucy. They believe 

* Presented at the Annual Meeting of the American Academy of Orthopaedic 
Surgeons, January 17, 1938, Los Angelys, California, 
t Neurosurgical Service of Carl W. Rand, M. D. 
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TABLE I 

Recorded Cases of Sphstal Extradural Cysts 


Case 

No. 

Date 

Re- 

ported 

Author 

Age 

Duration of 
Symptoms 

_ . 1 

Sex 

and 

Color 

Location 
of Cyst 

Dilatation of 
Spinal Canal 

Results and 
Comments 

1 

1898 

Sclilesinger 

? 



? 

Mid-thoracic 

? 

Patient died from 










multiple scle- 
rosis. Post- 





1 

1 





mortem find- 
ings 

2 

1907 

Krauss 

1 46 

i 134^ months 

M. 

3rd to 6th 

? 

Progress of dis- 






1 


thoracic 


ease arrested, 
but patient a 
helpless invalid 

3 

1932 

Mixter 

26 

13 

years 

M. 

3rd to 7th 

? 

No improvement 




1 




thoracic 



4 

1934 

Elsberg, Dyke, 

12 

3]/2 years 

M. 

5 th to 12 th 

Present 

Great improve- 



Brewer: 





tlioracic 

(x-ray) 

ment, but not 



Case 1 







co.inplete cure; 
previous scoli- 
osis much more 
marked 

5 

1934 

Elsberg, Dyke, 

15 

3 

months 

M. 

6th to 9th 

Present 

Cure 



Brewer; 

Case 2 





thoracic 

(x-ray) 


6 

1934 

Elsberg, Dyke, 

15 

9 

months 

M. 

4th to 9th 

Present 

Slight improve- 



Brewer: 

Case 3 





thoracic 

(x-ray) 

ment 

Almost complete 

7 

1934 

Elsberg, Dyke, 

16 

2 

years 

F. 

Mid-thoracic 

? 



Brewer: 

Case 4 



1 




cure 

Cure; kyphosis 

8 I 

1935 

Lehman : 

12 

334 months ' 

M. C. 

6th to 8th 

Present 

1 


Case 1 





thoracic 

(Operation) 

Cure; kyphosis 

9 

1935 

Lehman : 

17 

9 

months 

M. C. 

6th to 10th 

? 



Case 2 





thoracic 


Almost complete 

10 

1936 

Cloward 

43 

2 

years 

M. W. 

10th thoracic 

Present 

1 







to 5th lum- 
bar 

(x-ray) 

cure 

11 

1936 

Peet and Kahn 

12 

2 

months 

F. W. 

9th thoracic 

Present 

Cure 




! 




to 4th lum- 
bar 

(Operation) 


12 ' 

1937 

Kelly 

15 

5 

months 

M. 

6th to 8th 

Present 

Cure 







thoracic 

(x-ray) 

Almost complete 

13 

1937 

Cloward and 

20- 

6 

years 

M. W. 

7th to 9th 

Present 



Bucy 





thoracic 

(x-ray) 

cure 

14 

1937 

Mayfield and 










Spurling * 








15 

1937 

Teachenor * 







Cure 

16 

1939 

Robertson and 

14 

6 

months 

M. C. 

7th to 9th 

Present 

17 

1941 

Graham 

Adelstein 

15 

5 

months 

F. W. 

thoracic 

5th to 7th 
thoracic 

(x-ray) 

Present 

(x-ray) 

Cure; previous 
kyphosis in- 


1 


1 




creased 


* Quoted bj' Cloward and Buoy. 
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Diagram shows the loss of cutaneous sensation below the eighth thoracic 
dermatome. 

the kyphosis associated with extradural cysts is due to impaired venous 
drainage of the vertebral bodies from compression of these channels by the 
cysts. The cysts themselves are explained as congenital diverticulae of 
the dura and arachnoid at the exit of a spinal root. 

To date, sixteen cases of this syndrome have been recorded (Table I). 
Since these patients, in the main, respond favorably to surgical inter- 
vention, the need for early recognition must be emphasized. The case 
presented here has been followed for over two years and demonstrates that 
early intervention with removal of the extradural cyst may re.sult in 
complete cure with apparent arrest of the kyphotic deformity. 

CASE REPORT 

M. c., No. 547-931, a fifteen-year-old Me.\'ican girl, was admitted to the Neurological 
Service of the Los Angeles General Hospital on J uly 2, 1 937, complaining of severe u eak- 
ness in both lower extremities with loss of bladder control. Some five months prior to the 
hospital admission she had first noticed beginning weakness in her legs, starting in the left 
foot. At no time had there been any pain or disturbed sensation in the form of tingling 
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or paraesthesia. During the month of June, 1937, walking became so difficult that pa- 
tient could take but a few steps at a time. The family had noted that the child was 
rapidb" becoming round-shouldered and had attempted to correct her posture by con- 
stantly advising her to stand erect. At the time of hospital admission the child could no 
longer walk without support. 

The history otherwise was quite negative. The child had always enjoyed good 
health with no past history of ans' serious ailments, operations, or accidents. 

Examination revealed a slender girl with a marked degree of rounded kyphosis of 
the mid-thoracic spine. The cranial nerves were entirely normal, and the upper ex- 
tremities presented normal strength and intact sensation. There was a marked spastic 
paraplegia with little or no strength in the lower extremities and patient could scarcely 
move either leg up off the bed for even a short distance. Below the level of the eighth 
thoracic segment there was a loss of sensation of pain (Fig. 1). Position and vibratorj^ 
sensibilities were entirely absent below the twelfth dorsal dermatome. 

The lower tendon reflexes exhibited marked hyperactivity and there were bilateral 
Babinski signs as well as the associated Gordon, Oppenheim, and Chaddock signs. 
Ankle clonus was obtained on both sides. The patient could not walk. 

The spinal-fluid examination revealed an initial pressure of 80 millimeters of water. 
The Queckenstedt test, compression of the jugular veins, caused no perceptible rise in the 
manometer level even on bilateral compression. The fluid was clear but definitely 

xanthochromic, with a cell 
count of eleven lymphocytes 
and an increase in the globulin 
content by Tandy’s test. 

Roentgenographic exami- 
nation revealed a curved ky- 
phosis of the vertebral bodies 
in the mid-thoracic region 
centering at the sixth and 
seventh vertebrae (Fig. 2). 
This was associated with an 
irregular narrowing of the 
superior and inferior margins 
of the vertebral bodies an- 
teriorly. The anteroposterior 
views indicated a narrowing 
of the pedicles of the fifth to 
the eighth thoracic vertebrae 
with definite spreading of the 
interpedicular spaces (Fig. 3). 

From the roentgenographic 
standpoint the condition was 
recognized as juvenile verte- 
bral epiphysitis. 

The diagnosis of a lo- 
calized lesion at the level of 
the sixth dorsal vertebra was 
made, although the exact 
relationship of the roentgeno- 
graphic findings to the possible 
underlying pathology was not 
appreciated at the time- 

Operation 

On July 19. . 1937, a 

THE JOURNAL OF BONE AND JOINT SUROKR'i 



Fig. 2 

Lateral roentgenogram show.® marked k 3 'phosis 
centering at the sixth and seventh thoracic vertebrae. 
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liuninpctoiny was ppi forincd, 
rcmovinR llip spines niul arches 
of the fifth, sixth, and seventh 
thoracic vertebrae. At the 
level of the sixth thoracic 
spine a larpe extradural cystic 
tumor was found, filling the 
spinal canal and extendinp 
easily two full segments. The 
upper and lower limits of this 
cyst were uncovered and the 
ma.ss was pently peeled away 
from the dura. The entire 
tumor was found to be ex- 
tradural with an apparent 
point of origin from the left, 
sixth, thoracic root. The dura 
was opened at this point to 
visualize clearly the relation- 
ships in this pathology. The 
left sixth thoracic root was 
cut, and the neck of the cyst 
was tied and divided at its 
exit in the corresponding inter- 
vertebral foramen. This al- 
lowed the removal of the cyst 
in loto. The dura was closed 
with one silk suture, and the 
rest of the wound closed in 
layers in the usual manner. 

Poslopcralii'c Course 

The patient enjoyed an 
extremely smooth convales- 
cence with rapid return of 
motor power in the legs. She 
was able to walk when she left 
the hospital, and has been kept 
under observation to date in 
the Neurological Out-Patient 
Department. She now ap- 
pears to have completely recovered her motor and sensory powers in the lower extremi- 
ties. The reflexes in the legs have remained rather hyperactive. The rounded kyphosis 
in tire mid-thoracic region became somewhat more pronounced, but now appears to have 
reached its maximum degree of deformity, and has remained stationary for a number of 
months. The child has returned to school with no further difficulty. 

Pathological Examination 

Grossly, the specimen consisted of a saccular mass almost 4.5 centimeteis in length 
(Fig. 4). To its surface was attached a small mass of fat. On opening the sac it was 
found to contain a blood clot and some fluid. The wall of the sac was thin but showed 
some variation in thickness. 

Microscopically, section through the cj'st wall showed loose connective tissue con- 
taining a few blood vessels (Fig. 5). No evidence of epithelial tissue could be deter- 
mined. -The diagnosis was made of an extradural cyst of undetermined etiology. 
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Anteroposterior roentgenogram indicates marked 
spreading of tlie interpedicular spaces from the fifth 
to the eighth thoracic vertebrae. 
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DISCUSSION 

When Elsberg, Dyke, 
and Brewer published the 
records of their four cases 
in 1934, they were unable to 
find their counterpart in 
the literature up to that 
time. They outlined a 
characteristic syndrome of 
compression of the spinal 
cord by an extradural cyst 
including the following: 
‘‘The individual is an ado- 
lescent with the history and 
symptoms of a progres- 
sive spastic paraple- 
gia. Pain is absent 
or is not a prominent 
symptom. The objec- 
tive disturbances of 
sensibility are slight 
and their upper level 
is in the mid-thoracic 
region, usually at the 
sixth or seventh tho- 
racic dermatome. The 
manometric tests dem- 
onstrate a subarach- 
noid block with the 
characteristic spinal 
fluid changes of cord 
compression. Meas- 
urements on antero- 
posterior x-ray films 
show that the inter- 
pedicular spaces of 
three or more vertebrae 
somewhere between the 
fourth and the tenth thoracic vertebrae are enlarged. The pedicles of the 
affected vertebrae especially those of the sixth, seventh and eighth, are narrowed 
and atrophic.” This clinical picture is an accurate portrayal of a patient 
suffering from an extradural cyst associated with a progressive kyphotic 
deformity of the thoracic spinal column. In addition to the neurological 
picture there must also be emphasized the associated vertebral deformity 
which is now recognized as part and parcel of the syndrome, and winch 
is constant in all but one of the cases reported to date. 
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Section through cyst wall showing loose connective tis- 
sue with a few blood vessels. There is no evidence of 
epithelial lining. (X 95.) 
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A good rdsumd of this condition has been recently made by Kelly, 
who reviewed eleven cases and added one operated upon by Jefferson. 
This case, typicall}’-, occurred in a boy aged fifteen, who showed progres- 
sive motor weakness of the lower extremities, moderate sensory impair- 
ment, and roentgenographic evidence of enlargement of the spinal canal, 
together with thinning of the pedicles. The extradural cyst was re- 
moved, and the boy made a complete recovery. 

The location of these extradural cysts in the dorsal region is extremely 
constant, and the reason is rather difficult to explain in the light of the 
present knoAvn pathology of the condition. Additional patients have re- 
cently been operated upon by Teachenor, Mayfield and Spurling, Peet 
and Kahn, and Robertson and Graham. There have been several de- 
tailed theories attempting to e.xplain the presence of the cyst either as a 
congenital diverticulum from the dura or as a herniation of the arachnoid 
through a defect in the dura. Since Mayfield and Spurling demonstrated 
the direct communication between the cysts and the subarachnoid space, 
the herniation theory has been favored by several observers. This, of 
course, can be entirely reconciled with the typical structure of these cysts, 
which contain fibrous tissue, such as is seen in the dura, and epithelial 
cells similar to those found in the arachnoid. The cyst wall in our case 
revealed no endothelial lining. 

From the neurological examinations alone it is quite impossible 
to differentiate preoperatively this type of lesion from any other form 
of tumor causing spinal-cord compression. Gradually increasing para- 
plegia, with little or no pain, and severe impairment of position sense 
and deep sensibility make up the usual and typical picture seen when the 
patient is first examined. 

The spinal-fluid examination usually indicates a fairly complete 
subarachnoid block. The total protein content of the fluid is generally 
increased, and the fluid itself is apt to be xanthrochromic in color, de- 
pending upon the completeness of the block. Where the possibility of a 
cerebrospinal block cannot be definitely established, the injection of 
lipiodol is indicated, although this has been found necessary in only five of 
the cases described. 

The most interesting changes seen in this condition are those re- 
vealed by roentgenograms of the thoracic spinal column. There is a 
definite increase in the size of the spinal canal shown on the antero- 
posterior views. The so-called interpedicular spaces are definitely en- 
larged and striking measurements are quoted by Elsberg, Dyke, and 
Brewer, indicative of pathognomonic erosions at the level of the spinal 
cyst. The pedicles themselves may be reduced to mere shells or may be 
only flattened or reduced in thickness. Alterations in the vertebral 
bodies have been discovered in every instance. The earliest changes are 
in the nature of rounded erosions of the anterosuperior and antero- 
inferior surfaces. This erosive process continues, producing notching or 
stepladder defects in several vertebral bodies in the mid-thoracic region. 
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The involved bodies may finally collapse anteriorly, producing a wedging 
with the appearance of a smooth, rounded kyphos. The lesion in the 
bodies usually coincides with the level of the extradural cyst. As pre- 
viously indicated, these vertebral changes are quite secondary to the 
spinal cysts due to the venous stasis, caused by compression of the chan- 
nels draining these bodies. Theoretically, and practically, removal of the 
cyst should prevent a further breakdown and arrest of the process. This 
will have to be further observed before any final conclusions may be 
drawn, although from the cases reviewed to date the kyphotic deformity 
rapidly reaches a maximum degree following removal of the cyst, and no 
further breakdown of the vertebral bodies takes place. 

An adolescent male or female with a rounded kyphos, presenting a 
progressive weakness of the lower extremities, together with changes in 
the vertebral bodies of the mid-thoracic spine as seen in kyphosis dorsalis 
juvenilis, delineates a fairly characteristic clinical picture indicating the 
presence of an extradural spinal cyst. The mild progressive sensory 
changes, the involvement of the sphincters, and finally the establishment 
of a cerebrospinal-fluid block, corroborate the diagnostic impression. The 
widening of the spinal caual, together with the increased measurements 
made visible by the erosion of the interpedicular spaces, is all the additional 
evidence necessary to warrant exploratory laminectomy. 

SUMMARY AND CONCLUSIONS 

1. A case of extradural spinal cyst associated with kyphosis dorsalis 
juvenilis is reported. 

2. Sixteen other cases of spinal extradural cysts collected from the 
literature are presented. 

3. The clinical picture of an adolescent with progressive paraplegia, 
together with erosion of the vertebral bodies in the mid-thoracic region as 
seen in kyj^hosis dorsalis juvenilis, is pathognomonic of an extradural 
spinal cyst. 

4. All cases of kyphosis dorsalis juvenilis should be carefully ex- 
amined for evidence of spinal-cord compression and for roentgenographic 
evidence of enlargement of the spinal canal. 

5. The deformity seen in kyphosis dorsalis juvenilis with extradural 
cyst results from venous stasis secondary to the presence of the cyst. 

6. The etiology of kyphosis dorsalis juvenilis unassociated with an 
extradural eyst is unknown. 

7. Early surgical intervention with removal of the intraspinal cyst 
usually results in complete cure with relief of all signs of spinal-cord 
compression and prompt arrest of the kyphotic deformity. 
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FRACTURES OF THE TIBIAL CONDYLES 

BY EDGAR M. BICK, M.D., F.A.C.S., NEW YORK, N. Y. 

Fro7n ihc Orthopaedic Service, Ml. Sinai Hospital, N'ew York, N. L. 

A large group of papers have been published in recent years in which 
fractures of the tibial condyles were reviewed in considerable detail. 
They have appeared in American, French, Latin-American, and German 
periodicals. All have given emphasis to the bad prognosis in such 
injuries, and to the frequenl neee.'^sity for operative correction of irregu- 
larities in the articular surface caused by the depression or displacement 
of the condylar masses. Since, in general, tiie impression left by these 
papers was contrary to the experience of the writer, a further study of 
such cases was undertaken. 

Between the years 1928 and 1939, 565 fractures of tlie tibia were 
admitted to the Mt. Sinai Hospital. Of these, sixty-one fractures in 
sixty patients, or 11 per cent., involved one or both condjdes. Observa- 
tions concerning the age, location, nature of trauma, and other clinical 
material do not differ in general from tlie standard descriptions, and so 
need not bo repeated here. Of particular interest to the present investiga- 
tion were, (1) the relationship between the type of the lesion and its 
prognosis, and (2) the effect of treatment on prognosis. In brief it was 
found that in a large scries of cases representing all degrees of injury to 
the condylar mass, operative interference was very seldom indicated, and 
that conservative care plus time did not give the large percentage of bad 
results so often reported. Furthermore, it was found that remarkably 
good function could be recovered in the knee joint in spite of roentgeno- 
graphic evidence of moderate compression of part of the articular 
surface. 

For purposes of analysis the cases were divided into two major 
groups. Group I included those in ivliich condylar fragments were not 
obviously displaced. Group II those in which condylar displacement 
was present. However, there is no sharp dividing line between the 
two groups. Some minimal displacement must occur whenever the joint 
surface is fractured. The distinction is one of degree rather than kind. 
Displacement of the fragment always occurs in at least two planes, 
horizontal and vertical, and may occur in three planes, — horizontal, 
vertical, and anteroposterior. When displacement in the vertical plane 
is most apparent, the term “depressed fracture of the condyle” is some- 
times used, but since both elements are to some extent always present 
together, the term “displacement” is more general. Because of the 
special interest which pertains to the so-called depressed fractures, these 
are considered in a subgroup of Group II. 
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GROUP I 

Simple or Commimded Fractures without Displacement 

This group consisted of twenty-two cases in which displacement 
could not be demonstrated by roentgenogram or was apparently minimal. 
Of these, five were comminuted, two were complicated by concurrent 
fracture of the head of the fibula, and one by fracture of the tibial spine. 
Treatment in the seventeen uncomplicated cases was chiefly by plaster 
immobilization for periods ranging from two to ten weeks. The time 
depended mostly on the linear extent of the fracture or the amount of 
joint injurj’-, gauged by swelling, immobility, or tenderness. In most 
instances the plaster was applied from the groin to, and including, the toes, 
although in a few lesions of lesser severity, only from the groin to the ankle. 
The knee was held in extension or slight flexion (5 to 10 degrees). In 
one case adhesive strapping was sufficient for a small articular linear 
fracture; in another a simple bandage sufficed. Of the five cases in which 
comminution occurred, one was treated by traction and later by plaster 
immobiUzation. In another, plaster immobilization was maintained for ten 
weeks. The remainder were treated in the same way as were the simple 
fractures. Concurrent fracture of the head of the fibula or tibial spine 
did not noticeably influence the duration of treatment or the end result. 

GROUP II 

Fractures with Condylar Displacement 

This group consisted of thirty-nine cases. In fifteen of these the 
vertical component of the displacement was prominent enough to be 
classified as a “depressed fracture”. The treatment of these will be 
considered first. However, it must again be emphasized that in most, if 
not all, of the other cases of Group II some perceptible degree of depression 
of the condylar table occurred as a minor component of the displacement. 
In each of these fifteen cases some attempt was made to correct the 
deformity, — ^in the earlier cases under general anaesthesia, and in the later 
ones under local anaesthesia or by pressure on the setting plaster. In no 
instance of simple depression fracture in this series could evidence be found 
that any significant correction of surface irregularity had been obtained 
by manual reduction. In several instances, apparent improvement in the 
roentgenographic appearance was due to differences in the position of the 
extremity in reference to the film. Subsequent x-rays showed the original 
degree of depression. However, in two cases correction of the anterior 
angulation and posterior displacement was accomplished. 

Thirty-one of the cases in Group II were treated, as were the cases 
in Group I, by means of plaster immobilization in extension or slight 
flexion. The most frequent duration of immobilization was between six 
and a half and seven and a half weeks, the time again varying with the 
linear extent of the fracture. The joint reaction had usuall}" subsided 
before the plaster was removed. Although full weight-bearing was 
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depressed fracture of the 
right external condyle. 
She was immobilized in 
plaster and hospitalized 
for three days. Fourteen 
months later she had 
slight valgus, e,\cellent 
function, and no disability. 


E. M. BICK 



Fig. 2 

Case 10. Male, age 
forty-one, was struck bj" 
an auto and suffemd a 
fracture of the left in- 
ternal condyle with no 
displacement of the frag- 
ments. _He was immo- 
bilized in plaster for six 
weeks and hospitalized 
for three months. Thir- 
teen months later he had 
normal function and no 
deformity or disability. 



Fig. 3 

Case 13. Female, age 
scveutv-tlirce, fell to the 
ground and suffered a 
depre.ssed fracture of the 
right lateral condyle, and 
also fractures of the shaft 
of the tibia and fibula. 
She was hospitalized for 
ten days and treated by 
bed rest and caliper brace. 
Two years later she had 
sliglit lateral mobilitj', but 
no limp or symptoms. 


prohibited, there wa-s no he.sitntion in discharging these jiatients on 
crutches. In no inslaiicc could evidence he found of an i7}crcase in hone 
deformity demonstrable by roentge^iograms after the primary injury a7)d dis- 
placement, or during the follow-up, even though several jjatients bore 
weight on the immobilized extremity within two weeks. In nine of these 
cases there were concurrent fractures of the head of the fibula, but this 
fact had no perceptible influence on the duration of treatment. 

In certain exceptional cases, treatment was modified to suit the cir- 
cumstances. In one case, where the fracture involved both the internal 
and external condyles, and showed very marked displacement and 
comminution, treatment consisted of traction by Kirschner wire through 
the calcaneum for four weeks. At the end of this time the bones were 
sufficiently united and the wire removed. This patient’s knee was still 
functioning normally without deformity seven years later. In another in- 
stance, a widely displaced fragment of an external condyle was removed. 
This knee was seen nine years later. At this time motion was free, but, 
although the patient walked well with slight valgus, he could not tolerate ^ 
average periods of weight-bearing, and was discomforted by constant 
crepitus when using the limb. Lane screws were used in one case (Fig. 5) 
to hold the fragments in place after open reposition. In another (Fig. 4) 
wire traction, applied through the calcaneum, Avas supplemented by plas- 
ter immobilization. In view of the functional end results demonstrated 
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Case IG. Female, age 
fortj'-one, had a fracture 
of the riglit external con- 
dyle. She was tieated bj'' 
wire traction and plaster 
immobilization, and hos- 
pitalized for a little over a 
month. The other knee 
had been fused for tuber- 
culosis in childhood. 
Eight months _ later she 
had good function and no 
instabilit 3 '. 



Fig 5 

Case 23. Female, age 
forty-two, fell downstairs 
and suffered a fracture of 
tlie right external con- 
d 3 'le, with separation of 
fragments. The frag- 
ments were held m place 
by a Lane screw' and the 
knee was immobilized in 
plaster for ten w'eeks. 
Patient w'as hospitalized 
for five and one-half weeks. 
Almost eight months later 
she had restricted flexion 
and walked w'ith a limp. 



Fig. 6 

Case 25. Male, twelve 
j'ears of age, was struck 
by an auto and suffered 
a fractuie of the left in- 
ternal condj'le with no 
displacement of fragments. 
He was immobilized in 
plaster for tw o w eeks and 
hospitalized for one week. 
Eight months later he had 
normal function and no 
disability or symptoms. 


in the present series, probably none of these cases would have been operated 
upon at the hospital today. In still another, a caliper brace was used for 
about six weeks, follotving nine weeks of plaster immobilization, in order 
“to prevent valgus This was in 1935, but in retrospect this was an un- 
necessary precaution since the patient, followed for about a year, never 
became accustomed to the brace, and seldom walked with it. She walked 
easily when it was finally discarded. Lateral mobility, present in July 
1936, had disappeared by October of that year. 


HOSPITALIZATION 

The duration of hospital stay in the treatment of fractures is impor- 

TABLE I 

Period of Hospitalization 


Time 

Gioup I 

Group II 

Accident loom 

9 

9 

2-7 days 

4 

7 

8-14 daj's 

3 

c 

15-21 daj's 

0 

3 

3-5 weeks 

2 

2 

Over 5 weeks 

1 

5 

Total 

19 

32 
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Case 32. Female, age Case 34. Female, age 
seventy-two, was stvvick fiftv-fivc, fell down.stairs 

by an auto and suffered -u\d suffcrcd a depressed 

a depressed fracture of tiic T fracture with slight 

left external condyle. deformity, of the right 

She was imnaobihzcd m external condyle. She 

plaster, and after one was treated in the acci- 

week was transferred to dent room and referred to 

another hospital. Slie al- private care, 

so had arteriosclerosis. 

taut from the point of victv of both the patient 
and the hospital. General time averages re- 
duced to a simple mean are inadequate to inter- 
pret such statistical material properly. Table I 



Fig. 9 

Case 49. Female, age 
forty-nine, was struck by 
an auto and suffered frac- 
tures of the right external 
condj'lc and the loft in- 
ternal condyle. There 
was slight displacement in 
the right, and a linear 
fracture line without dis- 
placement in the left. 
The right knee (shown 
above) was treated by 
plaster immobilization and 
the left by adhesive strap- 
ping. She was hospital- 
ized for two days. There 
was no folloiv-up. 


is a more accurate analysis. Nine cases in which there were complications 
incidental to the original accident, but not directly related to the fractured 


condyle, are not included as they would falsify the interpretation of the 
subject in question. For example, some of the cases of multiple fractures, 
those complicated by bronchopneumonia, fractures occurring in patients 
with known cardiac conditions, patients transferred to other hospitals and 
not followed, and one hospitalized for injury to the spine are omitted 
from the statistics. 


The relative shortness of the hospital stay of cases admitted to the 
wards as compared to the hospitalization of operative cases is obvious. 


END RESULTS 

Complete follow-up data was available for the evaluation of end 
results in thirty-three of the sixty-one fractures. It may be added 
that in the remaining twenty-eight fractures, observations, as far as they 
went, tended to confirm the conclusions arrived at. The degree of func- 
tional recovery found in most instances, which showed roentgenographic 
evidence of residual irregularities, was surprisingly good. (See, for exam- 
ple, Figures 1 and 4.) Either because of contraction of opposing liga- 
nrents, or through replacement of the depressed bone surface within the 
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joint by fibrous tissue, the degree of valgus or instability suggested by 
the roeutgeuographic appearance Avas never clinically demonstrable. 

The present series of unselected cases, Avhich show all degrees of 
injury, demon.stratc that while in about 10 per cent, of Group I and 20 
per cent, of Group II, lateral instability of the knee joint was present in 
the earl}’’ Avceks following the removal of plaster, it almost invariably 
disappeared or decreased to a minimum between six and tAA’elve months 
after fracture. This occurred with no after-treatment other than walking, 
and, in some instances, simple physiotherapy such as heat and massage. 
B}’’ the phrase “decreased to a minimum” is meant that no significant dys- 
function or deformit}’’ Avas ajjparent Avhile the patient Avas active. In 
other cases no significant lateral instability could be elicited at the knee 
joint at an}’’ time during the folloAA'-up period. In only three cases Avas 
A’algus or significant lateral instability noted as a deformity in the end re- 
sult. One of these had been operated upon. In neither of the other tAvo 
did the slight A'algus interfere in any Avay Avith the function of the extremity. 

One Avould suspect that in these fractures, occurring as they do for 
the most part in patients of middle age or older, traumatic arthritis AA’Ould 
be a prominent disabling sequel. On the contrary, this appeared in only 
tAvo cases. In one case, a female AA’’ho sustained a fracture at the age of 
fifty-eight, shoAved eA’’idence of generalized osteo-arthrosis five years later 
at the age of sixty-three. Both knees among other joints affected shoAved 
about equal involvement, and both were equally symptomatic. The 
fractured knee AA’as normally mobile; there Avas no limp and no valgus 
deformity. In general, Avhere symptoms of traumatic arthritis did not 
persist from the time of recovery, they did not appear in any of the 
fractures examined after periods ranging from two to nine years. Trau- 
matic arthritis, AA’hen it occurred at all, manifested itself in the first year. 

The only dysfunction Avhich did remain in a number of cases Avas re- 
striction of flexion to 80 or 90 degrees at the time of the last examination. 
This AA’as rarely a noticeable disability in older persons, and usually tended 
to improA’e with time, if the patient Avas active. 

Comminution or splintering of the adjacent shaft bore no apparent 
relation to the final outcome other than that of time, — the greater the ex- 
tent of the fractured surface, the longer the period of recoA’ery. In one 
case, in spite of seA’ere comminution and displacement, and abnormal usage 
of the joint because of an old fusion of the opposite knee, due to tubercu- 
losis, the functional result Avas good eight months later. Concurrent frac- 
ture of the head of the fibula AA’hich occurred in nine cases, did not, per se, 
adversely influence the course or end result. Fractures of the e.xternal 
condyle did not differ in their final status from those of the internal. 

CONCLUSIONS 

Sixty-one fractures of the tibial condyles haA’e been reA'icAved Avith 
special reference to the end results in relation to type of fracture and treat- 
ment in thirty-three cases. The foIloAA'ing conclusions Avere demonstrated : 
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1. Operative replacement of the depressed or fractured cond 3 de is 
seldom necessary except in cases of extreme displacement, as satisfactory 
functional results are obtained even Avhen considerable irregularity of the 
condylar tables persists. 

2. Lateral instability of the knee joint is a temporary phenomenon 
in most of these cases, and decrease.s graduallj’- during the recovery period. 
It cannot be considered permanent until the end of one year, and, per se, 
requires no treatment. 

3. A slight valgus or varus deformity or even slight lateral insta- 
bility is not incompatible with excellent function of the extremity, and 
the deformity does not progress. 

4. Plaster or brace immobilization must be maintained until 
roentgenograms show evidence of satisfactory union. In mo.st in.stances, 
six to seven weeks is sufficient. Prolonged immobilization detracts from 
the freedom of the joint and is unnecessaiy as a preventative of deformity. 
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SOME ORTHOPAEDIC RELATIONSHIPS OF 
NEUROFIBROMATOSIS * 

BY BEVERIDGE H. MOORE, M.D., CHICAGO, ILLINOIS 

Dorland briefly defines a neurofibroma as “a connective tissue tumor 
of the nerve fibre fascicule, formed by proliferation of the perineurium and 
endoneurium”, but this brief statement gives no hint of its numerous 
ramifications into many fields of medicine. 

While neurofibromatosis itself shows only a few simple signs, its as- 
sociations develop numerous complexities. They are frequently so strik- 
ing that the primary condition is entirely overlooked. The common 
associations are: 

1. Endocrine dyscrasias. 

2. Mental changes. 

3. Malignant transformations. 

4. Skeletal changes (of interest to the orthopaedic surgeon). 

(a) Scoliosis. 

(b) Abnormalities of growth (usually hypertrophy). 

(c) Changes in bone structure. 

(d) Congenital pseudarthrosis in children. 

This last relationship has only recently attracted attention, having been 
reported in 1937 by Ducroquet and in 1939 by Barber. 

This paper is based on a study of four cases of localized hypertrophy, 
in all of which the diagnosis was confirmed by pathological study, and 
three cases of pseudarthrosis selected from a series of eight. These three 
were chosen because of familial evidence of neurofibromatosis, as well as 
the evidence in the cases themselves. In one of them the diagnosis was 
confirmed pathologically with interesting findings. The other five cases 
in our series all showed definite signs of neurofibromatosis. 

LOCALIZED HY'PERTROPHY 

Case 1. E. M., a Filipino engineering student, was admitted to Wesley Memorial 
Hospital, July 26, 1920. 

He complained of difficulty in opening and closing his right hand. Flexion of the 
fingers caused a painful “snapping” located in the palmar region of the wrist. Extension 
repeated the process in reverse. Passive flexion and extension caused the “snapping” 
or “jumping”, but this was not so painful. The condition had been present at intervals 
for several years. The second and third fingers were disproportionately large and had 
been so all his life as far as he knew. 

The examination showed a palmar swelling from the mid-palmar region to a point 
one and one-half inches above the base of the palm. The swelling was soft, slightly 
tender, and somewhat fluctuant, but with no local heat. The second and third fingers 
were considerably longer and thicker than the normal, compared to the other fingers, and 
larger than the corresponding fingers on the left hand. The skin on these fingers was 
coarse in texture. 

*Read at the Annual Meeting of the American Orthopaedic .Association, Khnsas 
City, Missouri, on May 8, 1940. 
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Case 1. E. M. Postoperative photograph of the hand, showing the hyper- 
trophy of the second and tlnrd fingers and swelling from the trrrnor at the base 
of the palm just above the line of inctsiorr. The change m the skitr tevtirrc is 
seen down the middle of the palm. 



Case 1. E. M. Low-power photomicrograph showing the fibrous tissue 
largely at the periphery of the field, with very little of the so-called “palisade” 
but some parallel arrangement of the elongated and narrowed nuclei, most 
noticeable in the upper left quadrant. The few vacuolations seen are presum- 
ably from degeneration of nerve fibers. This is an old matuie type of tumor. 
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On altcniptecl active flexion tlie fingers would stop at about midflexion, and, if the 
motion was continued, a distinct jumping could be seen and felt under the ligamentum 
carpi transversum. Pressure at this point prevented the motion and caused pain. A 
similar reaction look jfiacc on extension from the fle.xed position. These findings sug- 
gested a condition analogous to trigger finger,— that is, a thickening of the flexor tendons 
at the point where they passed under the transverse ligament. 

On July 27, 1920, a three-inch longitudinal incision 
was made on the palmar surface of the wrist. Underneath 
the fascia a tumor was found, which extended from the mid- 
dle of the palm into the wrist and was constricted by the 
transverse ligament into an hour-glass shape. This tumor 
was reddened, soft, and somewhat corded. At the proximal 
end it was continuous with the median nerve and appeared 
to be an expansion of it. It was realized at once that any 
attempt at removal might leave the hand worse; therefore, 
the transverse ligament was incised, and, after inspection of 
the flexor tendons which were normal, was sutured ?mder 
the median nerve to relieve the pressure on the nerve. A 
small portion of the tumor was removed for microscopic 
studj^ The skin and fascia were closed over the nerve. 

Healing was prompt, and the motion of the fingers was nor- 
mal afterward. For a while there was a small area of anaes- 
thesia over the forefinger, but this eventually cleared up. 

The microscopic examination, reported by Di-. Zeit, showed 
a neurofibroma of the " Ranken-nctiroma” type. The area 
of anaesthesia on the forefinger was interesting because that 
finger was not involved in the hypertrophic changes though 
its nerve fiber was involved in the fibromatous change. 

Evidently, also, in spite of the change, that fiber was still 
functioning so far as sensation was concerned. 

Case 2. M. P., aged twelve, was admitted to Shriners’ 

Hospital, August 25, 1933, with the complaint of deformity 
of the right foot and leg. The child was said to be normal at 
birth, but deformity began at one or one and one-half years 
of age. The right leg was slightly bowed below the knee and 
the foot turned outward. The deformity had increased 
with growth, but did not cause marked disability. The 
right leg had been growing faster than the left; it was then 



one inch longer. 

On examination it was found that the right foot was 
pronated, and that there was marked abduction of the fore- 
foot at the mid-tarsal joint. The head of the astragalus was 
displaced inward almost directly below the internal mal- 
leolus. The heel projected backward more than normal and 
was rolled outward. The skin on the outer margin of the 
foot was loose, wrinkled, and thickened. In this same region 
and extending upward, there was a peculiar granular feeling 
to the subcutaneous tissue. 

The muscles of the leg were all acting and of good power 
except possibl 3 '^ the posterior tibial. Sensation was normal 
in the skin of the foot. The right tibia was approximate!}' 
one inch longer than the left. Brownish pigmented areas 
from one-quarter of an inch to two inches in size were scat- 
tered over the back and legs. In addition to the pigmented 
areas there were purplish naevi on the back, both of them 
in larger bron’n areas. 


Case 2. M. P. Pho- 
tograph taken on admis- 
sion shows pigmented 
areas on the back, the left 
buttock, and the legs. 
On the large spot below 
the left scapula there is 
also a small hemangio- 
matous naevus. An- 
other lies lateral to it 
also in an area of pig- 
mentation. 

The enlargement of the 
heel below the right in- 
ternal malleolus was the 
site of the plexiform 
tumor which was easily 
palpable under the skin. 
There was a one-inch 
lengthening of the tibia. 
The calf was poorly 
developed. 


VOL. XXIII, xo. 1. JAXUAKY 1041 



112 


B. H. MOORE 



Fig. 4-A Fig. 4-B 

Case 2. M. P. Photographs of the riglit leg show several 131)1031 pig- 
mented areas, light ones just ai) 0 ve the malleolus and about midwa 5 ' from 
the knee to the foot, and darker ones in the mid-calf region, and on the thigh. 

There is marked lowering of the longitudinal arch with the prominence of 
the head of the astragalus easil}’- seen. The foot is everted and the external 
malleolus has lost its normal prominence. The internal malleolus is masked 
by the fullness between the tibia and the tendo achillis which is the site of the 
tumor. The peculiar shape of the calf muscle is well shown. 

The wrinkled loose skin near the heel extends from somewhat anterior to 
the malleolus to the outer side of the heel. 



Fig. 5 


Case 2. M. P. Roentgenogram shows the abnormal position of the astraga- 
lus with its axis almost straight with the tibia, its head rotated downward, and 
its posterior surface flattened, perhaps from weight-bearing in the faulty posi- 
tion. The lines of structure in the os calcis are altered. The entire longitudinal 
arch is lowered. The lower epiphyseal line of the tibia appears normal. 
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Fig. 6 

Case 2. M. P. Low-power photomicrograph of about half a nerve fasciculus 
cut transversely shows the infiltration of fibrous tissue. There is very little “pali- 
sading” of nuclei though in the lower center area may be seen a small group. The 
nuclei are not markedlj' compressed. In the upper portion of the section a few 
fibrils appear to extend from the limiting membrane down into the fasciculus. 

In the upper right hand corner is an arteriole whose walls are thickened and 
whose lumen shows a trace of a web. Possibly this is a beginning endarteritis. 
There are several areas of vacuolization. 


The diagnosis was suspected neurofibroma or hemangioma. 

A roentgenogram of the lateral view showed marked lowering of the longitudinal 
arch with displacement of the astragalar head; the anteroposterior view showed the 
scaphoid to be wedge-shaped and the foot markedly everted. 

On September 7, 1933, an exploratory operation and biopsy was performed. A 
longitudinal incision, six inches long, extending upward from behind the internal mal- 
leolus, revealed a firm tortuous mass located in close proximity to the posterior tibial 
artery and vein but separate from them. It occupied the position of the posterior tibial 
nerve, but so far as it was dissected no normal nerve was seen entering the mass which 
could be palpated above the incision. The mass was covered by a definite sheath, and on 
opening this sheath the interior was found to consist of convoluted, hard, cordlike, solid, 
white fibers. From its character and position it was considered a neurofibroma and 
several small portions were removed for microscopic examination, but no attempt was 
made to remove the entire mass. Closure was made and healing was uneventful. The 
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Fig. 7 

Case 2. M. P. High-power photomicrograph illustrating the arrangement 
of the nuclei in the connective-tissue backgiouncl. In the upper half the parallel 
arrangement is predominant, while in the lower half the arrangement is more in 
whorl formation. Slightly to the right of center the nuclei are definitely "pali- 
saded”. In the lower left-hand corner is a similar area, but the nuclei have been 
sectioned transversely. 

pathological report was neurofibroma. Following this operation the skin was checked 
carefully for changes in sensation but none were found. Apparently the nerve was still 
functioning, but the portions removed were not large and the normal overlap may have 
taken care of the areas removed for examination. 

Case 3. D. D., aged eleven, was admitted to Shrineis' Hospital, March 3, 1934, 
complaining of deformity of the right foot and leg. 

The mother had noticed some deformity of the foot soon after birth, but it was not e.x- 
treme, and she had not paid much attention to it. When the boy was about three years 
old, she noticed the right leg was growing faster than the left, and the deformity of the 
foot was increasing. The leg continued to outgrow the other and the limp became worse. 

On examination the right foot was found badly everted and the longitudinal arch non- 
existent. The astragalus seemed to be in normal relationship to both the tibia and 
scaphoid. The tarsal joints of the foot were very mobile and gave the impression that 
the ligaments were lax. This condition was especially noticeable in the subastragaloid 
and mid-tarsal joints. On the outer side of the foot the skin was loose and wrinkled, its 
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texture coarse and the lines deepened, ii condition which extended almost to the toe. 
Back of tlie external malleolus there could be felt a tortuous, corded, plexiform tumor 
cxtendiiiB upward between the tendo achilhs and the fibula. The right tibia was about 
two inchc.s longer than the left. The calf muscle was not well developed. All the mus- 
cles had good power though it was difficult for them to exert it to the full because of the 
loosenc-sh of the tar.'-al joints. Skin sensation was normal. There were numerous areas 
of brown pigmentation on the legs, trunk, arms, and neck. 

A roentgenogram showed a marked lowering of the longitudinal arch. The os 
calci.s and the head of the astragalus were small and misshapen. 

On Maich La, 1934, the tumor was exposed through an incision back of the fibula. 



Fig. 8-A Fig. 8-B 

Case 3. D. D. Photographs show the eversion and abduction of the right 
foot and the increase in length of the right leg. The deformity shown in this 
foot was due to the very marked laxity of the tarsal joints, but was not a fixed 
deformity as shown in Case 2. 

Across the heel and along the outer margin of the foot there is a sharply out- 
lined area of change in the skin texture. The skin in this area was thickened, 
wrinkled, and loose, and the texture much coarser than in other areas. 

Several areas of pigmentation are visible, one near the location of the head 
of the fibula, and three just above the level of the patella. 

On the dorsal surface of the foot can be seen two fiattish soft tumors. They 
are not the usual pedunculated variety seen in adults, but may be an early 
stage of these tumors. The area in which the plexiform tumor was found is 
shown by the fullness external to the tendo achillis. The fullness internal to 
the tendon was apparently due to the laxity of the tarsal joints which allowed 
the ankle to sag inward. 
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Fig. !) 

Case 3. D. D. Roentgenogram of the lateral view of the right foot shows 
all of the tarsal bones to be misshapen and smaller than normal, whereas the 
tibia was two inches longer. This condition of the bones probably accounts 
for the laxity of the tarsal joints. There is a distinct mottling of the metatar- 
sals and the row of tarsal bones adjoining them. The medullary canals of the 
metatarsals, with the exception of the first metatarsal, are distorted and irregular. 

The bones appear irregularly developed, rather than atrophie. 

The epiphyseal line of the tibia is not distinct and is narrower than usual at 
his age. The longitudinal trabcculation of the tibia is much more pronounced 
than the transverse, which is characteristic of rapid bone growth. There are 
no lines of arrested growth. 

This roentgenogram shows evidence of a distinct mixture of over and under 
development in the same member. 

It presented a maze of cordlike convoluted fibers. A large portion of the structure was 
dissected out and removed. An arthrodesis between the head of the astragalus and the 
scaphoid was also done. Healing was uneventful. 

The pathological examination showed a neurofibroma of a mature type. There 
was also a definite endarteritis present, shown not only as a thickening of the walls, but 
as a definite fibrous web extending across the lumen of several vessels. This was the 
first case in which the condition was found so definitely, and it may be of considerable 
importance. 

At the time of discharge from the Hospital the skin of the foot and leg was carefully 
checked for sensory changes, but none was found. This is rather curious as a large 
amount of the neurofibromatous tissue was removed, and it seems as though there should 
have been some sensory change if the nerve were functioning. At his last visit three 
years later the discrepancy in the leg length was three inches, an increase of one inch. 

Case 4. L. McC., aged thirteen, was admitted to Shriners’ Hospital, August 17, 
1935, complaining of difficulty in walking on account of a deformity of the left leg and 
foot. The deformity consisted of a marked overgrowth of the lower leg, and distortion 
and extreme flaccidity of the foot. The father said that the foot was "turned outward” 
when the boy was born, but that the legs were of equal length. The patient began walking 
at two years of age, with the weight borne on the inner side of the foot. At that time 
there was an enlargement developing in the calf and around the heel which continued to 
increase. A few months later it was noticed that the left leg was growing faster than the 
right. This it has continued to do. About four years ago he developed a slight curva- 
ture of the spine which has increased rapidlju 

On examination the foot was found to be dorsiflexed and rotated outward, with the 
heel drawn forward directly under the tibia. All the joints of the foot nere extreme y 
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lux SO that tlic sensation was of the bones being loose in a bag of skin. The calcaneum 
and (he tar.sal bones all felt mueh smaller than normal. The skin of the foot posterior 
to (he metatarsal region was loose, deeply wrinkled, and of coarse texture. Underneath 
the skin could be felt a mass of cordhke bands and nodules. The sensation was strik- 
ingly like a bag of angleworms. This condition extended two-thirds of the distance to 
the knee dors.ally. The left tibia was appro.ximatcly six inches longer than the right. 
Skin sensation was normal and the muscles were all acting, but weak. 



Fig. 10 


Case 3. D. D. Low-power photomicrograph of section shows almost pure 
fibroma with very little evidence of nerve tissue. At the bottom there is what 
might be called a “streamline” arrangement while on the top the tissue is more 
irregularly arranged, but has a tendency toward whorl formation. The nuclei are 
elongated; there is some “palisading”; and a very distinct parallel arrangement. 
There is some vacuolization. 

Fig. 11 

Case 3. D. D. High-power photomicrograph illustrates an advanced fibrous 
replacement of the peroneal nerve. Note the parallel arrangement of the com- 
pressed and elongated fibroblasts. In the area near the center there is a distinct 
reticular appearance of the fibrous tissue. 

Fig. 12 

Case 3. D. D. High-power photomicrograph shows much more of the whorl 
arrangement than the streamline or parallel. There are several areas of vacuol- 
ization. However, the point of special interest is the two blood vessels near 
the center. In both the wall is much thickened. In the vessel <m the right there is 
a distinct web of fibrous tissue extending across the lunien. The lumen itself is 
flattened from side to side as if the fibrous web is drawing the sides together. In the 
vessel on the left the web is more extensive, hiding more than half the lumen which 
is also narrowed from side to side. This is a definite endarteritis, a condition n hich 
we have not found mentioned, but which maj' be of importance in accounting for 
certain findings in neurofibromatosis. 
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Fig. 14 

Case 4. L, McC. Roontgonogram of lateral view 
of the left foot. The distortion, underdevelopment, 
and displacement of all the tarsal bones, including the 
astragalus and os calcis, is most noticeable. The 
metatarsals and phalanges appear fairly normal in 
shape, but atrophied probably from lack of function. 
The os calcis and astragalus appear fairly hard even 
though misshapen. 

The tibia is rather narrow and lacks the usual flare 
at the lower end. The cortex is thin but not exces- 
sively so. The epiphj'seal line is narrower than 
normal and not distinct. There is little Ijonc marking 
in the lower end, and the transverse lines of cessation 
of growth are aiisent unless there is a rudimentary one 
about an inch above the lower end. 


The spine showed a 
marked scoliosis to the right in 
the dorsal region with its apex 
at about the sixth dorsal verte- 
bra. The apex was sharp with 
a marked kj'photic element. 
There was some compensatory 
curve in the lumbar region 
though not so much as is usual 
witli so marlccd a dorsal curve. 

There were numerous 
Irrownish pigmented areas over 
the body. Tlie skin of the 
face was somewhat red, sug- 
gesting a slight hemangioma- 
tou.s birthmark. 

Roentgenographic e.xam- 
ination showed marked distor- 
tion of practically all the bones 
of the foot except tiie meta- 
tarsals and phalanges. The 
tarsal bones were widely sepa- 
rated. All of them were nota- 
bly small and ill shapen. The 
tibia was narrower tlian usval 
and lacked the usual flare near 
the ankle. The epiphyseal 
line was present and appeared 
about normal. Roentgeno- 
grams of tlie spine showed sev- 
eral misshapen vertebrae at the 
apex of the dorsal angulation. 
The upper and lower vertebral 
epiph 3 'ses were present on one 
side of the vertebral bodies but 
missing on the narrower side. 
There were no fused ribs. 


On August 27, 1935, a biopsy was done in two regions. The tissue removed was re- 
ported as neurofibroma. On September 26, 1935, the leg was amputated about five 
inches below the knee. Healing was prompt and the patient was eventuallj' fitted with 


an artificial leg. 

In this case the microscopic section showed a typical neurofibroma with the fibrous 
tissue greatly predominating. In addition there was definite evidence of endarteritis 
with marked web formation in one section. 


Description of the Amputated Specimen 

The amputated portion consisted of approximately the lower two thirds of the leg 
below the knee and was twenty inches long from the upper end of the amputated tibia to 
the tip of the great toe. The upper end of the tibia was elliptical in shape rather than 
triangular which is usual. The cortical bone, approximately one-sixteenth of an inch 
thick, was thinner than normal. The sectional muscle was much smaller in area and 
markedly paler than the normal muscle. The subcutaneous fat was increased in amount 
and presented a somewhat lobulated appearance. The skin was somewhat thicker than 
visual. In section the tibial nerve was noticeably enlarged, being slightly over one-hai 
inch in diameter. The skin covering the amputated specimen showed a coarse texture, 
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parliculnrl}' over tlie calf and the 
sole of the foot, but was less so on 
the anterior surface of the leg and 
the dorsum of the foot. This 
changed texture was most marked 
in the lower portion of the leg and 
below the malleoli, where it was 
loose, and arranged in irregular 
folds. The creases between the 
folds were from one-quarter to one- 
half inch in depth. Within this 
loose, baggy skin, which was quite 
moveable on the tissues beneath, 
the bones could be felt smaller and 
much more mobile than normal. 
The specimen was placed in formalin 
and dissected later. The formalin, 
of course, destroyed much of the 
hypermobility of the skin and the 
joints. At the time of dissection 
the tibial nerve was removed for 
examination. The portion removed 
was seventeen and one-half inches 
long, and markedly enlarged. A 
number of nodules which were fusi- 
form enlargements of various fascic- 
uli within the nerve, could be felt 
throughout its course, but none of 
them were separate from the nerve, 
which continued on beyond the en- 
largement. The subcutaneous re- 
gion in the lower portion of the 
specimen was tough and Sbrous, and 
gave the impression of being oedema- 
tous, though of the brawny type. 
The ligaments were lax and poorl}' 



Fig. 15 


Case 4. L. McC. Very low-power photo- 
micrograph of section of the lower tibia. Note 
the preponderance of longitudinal trabeculae 
except immediately above the epiphyseal line. 
There was very little evidence of either osteo- 
blastic or osteoclastic activity in the section. 
The epiphy.seal line is narrowed and irregular in 
outline just above the defect in the articular sur- 
face. Note also the irregularity of ossification of 
the epiphysis between these two points. 


developed, but not grossly abnor- 
mal. The bones of the foot were very small and extremely misshapen, corresponding to 
their roentgenographic appearance. They were so very soft that they could be com- 
pressed between the thumb and finger. The cortex was thin and easily cut with a knife. 
"Within there was very little of the usual cancellous structure, but there ere frequent 
cystic areas which did not have bony walls nor any apparent reaction in the bone sur- 
rounding them, and were filled with a thin fatty material. They seemed to be areas 
of exaggerated bone atrophy rather than a reaction to irritation. 

The last report in this case was from his teacher who stated that his mental condi- 
tion, which was “queer” in the Hospital, was rapidly becoming worse, and that he was 
unable to remain with normal children in school. 


COMMENT ON HA'PERTROPHY C.ASES 

These four proven cases of neurofibromatosis all present one common 
feature — localized hypertrophy — in addition to the cardinal signs of skin 
pigmentation and plexiform tumor. Cases 2, 3, and 4 form a progression 
in the degree of deformity, which began before three years of age, 
normally a period of rapid growth. Enough cases of localized h^’^per- 
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Fig. 10 

Case 4. L. McC. Low-power photomicrograph of section from phxiform 
tumor of posterior tibial nerve showing tangled mass of fibi'ous tissue of mature 
type. In this case there is very little orderl 3 ’^ arrangement of the fibroblasts though 
in certain areas there is some tendenc}^ to parallelism. Note the thickness of the 
walls of the arteries. 

trophy associated with neurofibromatosis have been reported to make it 
seem more than a coincidence. However, the strongest point in favor of 
the theory that the neurofibroma is the cause of the overgrowth is the 
fact that there is a definite segmental relationship between the affected 
nerve and the overgrowth. Brooks and Leliman go so far as to say that 
there is no other cause for rapid localized overgrowth than neurofibroma- 
tosis. They ascribe the overgrowth to stimulation by actual invasion 
of the bone by neurofibroma. To quote them briefly, “If the tumor . . . 
involves the substance of the shaft of the bone and particularly if the 
growth of the neurofibroma is associated with a hyperplastic change in the 
lymphatics, then the entire bone is rendered more porous and plastic . . • 
this results in a growth in length of the bone, which is distributed through- 
out the entire bone instead of being confined to the region of the epiphyseal 
cartilages, and an abnormally long bone results.” We find it difficult to 
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Fig. 17 


Case 4. L McC. High-power photomicrograph of two small arteries within 
the Xous tissue Note the thickened walls of both In the lumen of the one at 
the top is seen a webhke endothelial hyperplasia. The lumen is irregular in shape. 
This is a defcite endarteritis. 


accept the theory that the bone grows throughout its length since it runs 
so directly counter to all recent work on the growth of bone. urt ler 
more we can find no report of actual invasion of the shaft by the neuro- 
fibroma. The tibia in Case 4 was sectioned with this very point in mm 

and no evidence of it could be found. 

There is also a school of thought which ascribes the overgrowth to 
endocrinological changes. Granting that the anterior pituitai^ oes 
control bone growth, it is difficult to see how a hormone which by its ver>^ 
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nature must have equal access to all parts of the body can cause the 
sharply localized overgrowth we have noted. We believe that over- 
growth takes place at the epiphyseal line as in normal bone, but at a 
greatly accelerated rate. 

Harris in his study of bone growth states that in rapidly growing bone 
the longitudinal trabeculae are laid down before the transverse. In the 
roentgenogram of the tibia in Case 4 this condition is quite distinct. It is 
also shown in a longitudinal section cut from the lower end of the tibia. 
There is, too, a notable absence of the lines of cessation of growth as de- 



Fig. 18 

Case 5. D. G. August 30, 
1929. Photograph on admis- 
sion shows the anterior bow- 
ing of the right lower leg, dis- 
tinct pigmented areas over the 
lower spine, one faint area be- 
tween the inferior angle of the 
right scapula and the spine, 
and two faint areas above the 
right external malleolus. 


scribed by the same author. The same condi- 
tion is shown in the roentgenograms of the 
other two cases, but to a lesser degree. This 
we believe to be evidence of abnormally rapid 
growth from the ends of the bone. It would 
be easy and obvious to assume a stimulation 
of growth activity, but another fact must be 
taken into consideration. We pointed out 
that the tarsal bones in all three of these cases 
were small and misshapen in varying degrees, 
that is, there was in these cases not pure 
overgrowth, but a mixture of over and under- 
development. The scoliosis in Case 4 seems 
to shoAv the same condition, since on the 
wider side of the vertebral body the epiphyses 
are present, while on the narrower side they 
are not seen. We believe this is an evidence 
of growth distortion rather than a crushing of 
the vertebral body from softening. We be- 
lieve that these findings (mixed over and un- 
der development)- indicate, not stimulation, 
but rather faulty control of growth. 

In the growth of the bones there are two 
factors, — one the impulse to grow, and the 
other the limitation and direction of the growth 
so that a normal pattern is attained. Does 
the nervous system exert this control? Cer- 
tainly in these cases there is a defective pat- 
tern of growth associated with a defective 
nerve. The arterial changes may be of sig- 
nificaiice in this connection. Possibly the 
autonomic nervous system, which controls the 


arteries, may also have some control over growth. It may be a col- 


laborator with the endocrine system in this. 


The facts as we see them are these; 

1. Localized hypertrophy is often enough associated with neuro- 
fibromatosis in a segmental relationship to warrant a belief that there is a 
causal relationship of the nerve lesion to the hypertrophy. 
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2. Tlie liypcrtropliy is not puro overgrowth, but is mixed over and 
underdevelopment, and we believe represents uncontrolled growth rather 
than stimulation of growth. 

3. Tlie findings of definite evidence of endarteritis in two of these 




Fig. 19-A 


Case 5. D. G. 
clavicle. This v as 


Roentgenogram taken April 2, 1930, shows fractuie of the right 
a complete fracture, not a “greenstick”. 


Fig. 19-B 

Roentgenogram taken April 29, 1930. The callus had formed i\ ell and union v 
firm in three weeks. The tibia v as still ununitcri. 
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Fig. 20-A Pig. 20-B 

Case 5. D. G. Roentgenograms taken June 1, 1932, almost three years af- 
ter operation, show lateral and anteroposterior views of right leg. Union in mal- 
position has finally taken place. The fibula has atrophied and there is no at- 
tempt at union. The union of the tibia does not appear any too solid as the 
medullary cavity of the lower fragment has narrowed and sealed over. The 
medullary canal of the upper fragment is open, but not in contact with the lower 
fragment. Near the upper and lower ends of the diaphysis are seen several 
transverse dark lines described by Harris as caused by temporary cessation of 
growth. We have considered that they may be due to cod-liver-oil administra- 
tion at intervals. 

Note especially the heavier dark line across the tibia above these finer lines. 
It is heavier and in the lateral view is triangular in outline. The posterior 
cortex shows a slight angulation at its base. 
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cases, and hints of it in the other two, may, we believe, have a bearing on 
tlie question of the control of normal bone growth. 



Fig. 21-A Fig. 21-B 

Case 5. D. G. Roentgenograms of lateral and anteroposterior views taken 
March 6, 1935. Union is present though the fracture had recurred m 1933. 
The angulation has rounded off and the mcdullarj" canal is showing signs of 
opening up through the callus. There are a few lines of cessation of growth 
near the lower end of the diaphysis. The heavier dark line to which attention 
was called in Figures 20-A and 20-B is still present, though at a relatively higher 
level. The epiphyseal line has advanced away from it, leaving it higher in 
the shaft. The slight angulation in the posterior corte.v is still present. 
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PSEUDAUTHROSIS 


Case 5. D. G. \vas fii'&t seen at Shrincrs' Hospital, March 9. 1929, when slie was 
fourteen months old. 

The complaint was that her right leg was bowed. 

She nas boin notmally at full tcnn, breast fed for nine weeks, and then put on a 




Fig. 22-A 


Fig. 22-B 


Case 5. D. G. Roentgenograms of lateral and anteroposterior views taken 
January 15 1936. The medullary canal has finally formed somewhat irregu- 
larly throu'^h the callus. There is a fiesh fracture at the junction of the loxver 
and middle“thirds of the tibia at the site of the dark line to which attention was 
called in the two previous plates. This was apparently a danger signal a little 
over two years before the actual break. 
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forniuhi. She luul eod-liver oil and orange juice regularly. At ten months she began to 
pull herself up and walk, holding the sides of the crib, but stopped this shortly because she 
hurt her leg. She soon began to creep and kept this up until she was twelve months 
old, when she resumed walking. Her mother then noticed that her right leg began to 
curve above the anlde. Pigmentation was not noted on the first visit. Later when it was 
observed, her mother stated that she and the father did not have it, but an aunt did have 



Fig. 23-A Fig. 23-B 

Case 5. D. G. Roentgenograms of anteroposterior and lateral views taken 
September 23, 1940, show a complete non-union with slight attempt at cidlus 
formation at the site of the fracture shown in Figures 22-A and 2--B. -thf^ 
upper part of the tibia has straightened and shows very little evidence of the 
original non-union. 
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von Recklinghausen’s disease (diagnosed at Mayo Clinic). Also, one of her own sisters 
has a child with pigmentation similar to that of the patient, but with no bone complication. 

On examination, the leg showed I'ather mai-ked outward and forward bowing of the 
tibia about three inches above the ankle joint. It was noted that it felt almost like an 
old fracture. There were no marked signs of rickets. She walked well and the legs 
were of equal length. 

The roentgenograms taken at that time “showed a marked angular curve about two 
inches above the ankle joint. Judging from the sharpne-’s of part of the curve this rep- 
resents an old fracture rather than a rachitic deformity.” We were suspicious of the de- 
formity, and she was not admitted at the time. Later it was decided that the deformitj' 
was due to an old fracture, and, if it had healed once, it should heal again. This has 
proved very poor reasoning. 

On September 12, 1929, an osteotomy was done and a cast applied. On March 30, 
1930, she fell and fractured her right clavicle. This fracture healed easily and normally 
in less than a month but the tibia did not unite until eighteen months after the osteotomy. 
When it did heal, an inward curve developed at the site of the osteotomy. The leg was 
fractured again in December 1933, but healed in about six months. In September 1935, 
she developed puerpura hemorrhagica and was treated in the Medical Department at 
Northwestern University Medical School. On October IG, 1935, she fell and fractured 
the leg again about -two inches below the original non-union. This last fracture has 
not 3 ’et united, though a bone graft was done on July 28, 1938. 

Case G. R. R. was first seen at Shriners’ Hospital, September 20, 1929, when she 
was six 3 'ears of age. 

Birth and development were normal until she was eight months of age, when she 



Fig. 24-A Fig. 24-B 


Case 5. D. G. Photographs taken January 17, 1940. 

Fie 24-A • Back view shows the pigmented area near the base of the spine which has 
nersisted since the first picture. There is a group of pigmented spots between the 
scapula which are much smaller and resemble freckles though considerably larger. 

Fie 24-B- Front view shows the same pigmented area on the upper right arm. 
Thifarea S near the edge of a large irregular area of light pigmentation. 
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fell off (he bed and hurt lier left leg. It was considered a sprain for three weeks, at 
which time a roentgenogram showed a fracture of both bones in the lower third of the 
leg. A cast was applied for two months. No union resulted and an open operation was 
done, also without union. She has worn a cast or brace ever since without any union. 
She can walk with the support but not without it. The mother has Von Reckling- 
hausen’s disc.ase of the fibroma molluseum type. 

Examination showed mobility at the junction of the lower and middle thirds of the 
left leg. All four ends of the fragments could be palpated. The left leg was approxi- 
matcly seven centimeters shorter than the right. There were several definite elliptical 
are.os of brownish jiigmentation on the bod}’’, arms, and legs. 

The roentgenogram showed “a complete ununited fracture of both bones about 
three inches above the astragalotibial joint. The fragments were all sharply pointed. 
There was moderate atrophy of all the bones of 
the foot and leg.” 

Four operations including a transplant of 
heterogeneous bone and an onlay graft from tlie 
norma] fibula were done between 1929 and 1936, 
all without union. On May 5, 1936, the leg was 
amputated about five inches below the knee and 
an artificial leg eventually fitted. At the time of 
the operation the nerves of the amputated portion 
were inspected. The posterior tibial nerve ap- 
peared somewhat larger than normal, but did not 
feel nodular, nor were the fibers convoluted. 

However, a later microscopic examination re- 
vealed a very interesting type of neurofibroma 
in which there was a marked increase of the 
fibrous tissue in the nerve bundles, but in only a 
few of them had the fibrous tissue entirely dis- 
placed the nerve tissue. Yet in these there was 
seen the typical structure of a neurofibroma. 

The nerve was sectioned at different levels and 
the appearance varied as shown in the photo- 
micrographs. Even in the specimen in which 
the neurofibromatous changes seem relatively 
mild there is evidence of the endarteritis noted 
in the previous cases. 

Case 7. E. B., aged two and one-half years, 
was admitted to Shriners’ Hospital, March 22, 1 935, 
with the complaint of deformity of the left leg near 
the ankle, and motion at the point of deformity. 

The mother stated that the leg had been the same 
way ever since he was born, but she did not know 
M’hether it was broken at the time of delivery or 
not. She said he did not seem to have any pain. 

He has been learning to walk recently, the bow- 
ing has been increasing, and the leg becoming 
shorter. The mother had numerous molluscous 
tumors on her face and arms. The child had 
several rather indistinct areas of light brownish 

pigmentation on the skin of his chest, though mented areas are shown. There is 

on recent examination these could not be found, one prominent one on the abdomen, 

also fainter ones below the left el- 

We feel, however, that the association of maternal 

affliction and the bone condition warrant the as- anide. The pigmentation at the 
sumption of neurofibromatosis. knees is discoloration from creeping. 
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On examination, tlie left tibia sliowed a marked anterior curve in the lower third. 
The apex of the curve was also a point of motion, and a little crepitus could be felt oc- 
casionally but not constantly. There was no evidence of pain on any reasonable amount 
of motion. 

The roentgenographic report stated “there is a complete fracture of both bones in 



Fig. 26-A Fig. 26-B 

Case 6. R. R. Roentgenograms of anteroposterior and lateral views of the 
left leg taken on admission September 20, 1929, show complete non-union of 
both bones. All the fragments have the typical sharp points of pseudarthrosis. 
There is a slight periosteal reaction at the tips of the upper fragments. The 
tibia shows several transverse dark lines near the upper end of the diaphysis. 
The atrophy of the bones is moderate. There is a typical “cod-liver-oil” line 
at each epiphyseal line. 
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flic lower (liird and an equally conipletc non-union. The fiagments aie all very sharp 
pointed.” 

Only one oiieration has been done and it was completely unsuccessful. The child 
walks- in .s-upportivc appaiatus. Remembcnng Hendeison’s observation that there is 
a better chance of .success by opeiative measuies at the time of adolescence, we are hoping 
to keep the bone in good condition by use until that time. 



Fig. 27 -A 27 -B 

Case 6. R. R. Roentgenograms of lateral and anteroposterior views taken 
August 13, 1930, ten months after the first operation, show considerable pen- 
osteal reaction and bone production on the upper fragment. The Im'er 
ment has the usual conical shape, and there is absolutely no union. Tnere a e 
several transverse dark lines near the upper epipln-scal line, and one near the 
middle of the shaft. 
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DISCUSSION OF PSEUDARTHBOSIS CASES 

111 this group of cases tlie bone lesion is of an entirely different type 
from the group of hypertrophies, yet there are similarities. All but one 
showed the typical pigmentation. There was a definite segmental 
relationship between the bone lesion and the neurofibroma in the one 
ease we have been able to study histologically. This segmental relation- 



Fig. 2S-A Fig- 28-B 

Case 6 R R- Roentgenograms of anteroposteiior and lateral views taken 

lane 3 1931 six months after the third operation (heterogeneous bone graft). 
There has been considerable bone production at the lower end of the upper frag- 
ment The lower fragment is now' squared at the end, and there is end-to-end 
^position S no union. The bone appears to be of fairly good quality. 
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ship is hinted at in the normal healing of the fractured clavicle in Case 5 
as compared with the non-union of the tibia. 

In the discussion of the previous group of cases we expressed our 


Fig. 29-A 


Fig. 29-B 


1' IG. 

-R Tf -Roenteenograms of lateral and anteroposterior views taken 

December 4, 193^ The bone fragmente have nov^becom^s^arp^^^^ 

wealing some form of supportive apparatus, -usuallj a cast uith 
bar. 
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DISCUSSION OF PSEUDARTHROSIS CASES 

In this group of cases the bone lesion is of an entirely different type 
from the group of hypertrophies, yet there are similarities. All but one 
showed the typical pigmentation. There was a definite segmental 
relationship between the bone le.sion and the neurofibroma in the one 
case we have been able to study histologically. This segmental relation- 
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Fig. 33-A Fig. 33-B 


Case 6. R. R. Photographs taken Jamiaiy 17, 19-10, showing the pigmented 
areas. The face also shows pigmentation which was present from the beginning. 

the nerve injury i.s the immediate cause or whether it acts through a serie.s 
of mechanisms, it still has an effect on the processes of the part affected. 
We believe, therefore, that the condition of the nert'c and the pscudar- 
throsis stand in the relation of cause and effect, though the mechanism 
of the production is not entirely clear. 

SUMMARY AND CONCLUSIONS 

We have considered two very diverse orthopaedic conditions, both of 
which are associated with neurofibromatosis. Considered superficially, 
these two conditions are about as much alike as black and white. As 
we have said previously, the neurofibroma itself is unobtrusive, and the 
associated pathology is the condition which attracts attention to itself, 
from both the patient and the medical man. 

We have expressed our opinion that the bone changes we have studied 
in these cases are all due to lack of control of the ordinary growth pro- 
cesses of bone. Under this general heading of uncontrolled growth we 
would classify the changes found as follows; 

1. Hypertrophy, or overgrowth, as illustrated in the increase in 
length of members. 

2. Hypotrophy, or underdevelopment as illustrated in the small 
tarsal bones in Cases 3 and 4. 

3 Distortions of growth as shown by the vertebrae in Case 4. 

4 Changes in the constitution of bone as exemplified by its failure 
to unite after fracture. 
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These four clianges seem to include the bone changes as we see them, 
both in our own cases and in others described in the literature. The 
changes seen in a case may fit into more than one of these classes. 

We believe that these bone changes are not merely associated with, 
but are the result of, the changes in the nerve either directly or indirectly. 
The reason for this belief is the frequency of the signs of neurofibromatosis 
associated with the types of deformity we have studied. However, the 
converse that these deformities always accompany signs of neurofibroma- 
tosis does not hold good. The most convincing argument for the causal 
relationship is the segmental localization of the deformities. This holds 
good not only in our cases but in many reports in the literature. The 
finding of definite endarteritis, to which we have called attention, is of 
special interest. We believe that it is a fairly constant finding. One 
point of interest is the effect that such an endarteritis might have on 
other organs. For instance in the brain it might account for mental 
changes which frequently accompany neurofibromatosis. Again, if it 
occurs in the arteries supplying any of the ductless glands, it is quite con- 
ceivable that dysfunction might result in that particular gland and a 
peculiar chain of symptoms be initiated. This may account for much 
of the rather indefinite endocrine symptomatology. Still another point 
of interest in this finding of endarteritis is whether it may furnish a clue 
to what we have called the uncontrolled growth of parts of the body. 
The arteries are under the control of the autonomic nervous system. 
May not this system also have some control of the normal pattern of body 
growth? We must admit we do not have enough evidence to advance it as 
an hypothesis but the idea is intriguing. 
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UNUNITED FRACTURE OF THE NECK OF THE FEMUR 
TREATED BY HIGH OBLIQUE OSTEOTOMY * 

BY RUDOLPH S. REICH, M.D., F.A.C.S., CLEVELAND, OHIO 
From the Orthopaedic Services of Mount Sinai and City Hospitals, Cleveland 

Despite the fact that in recent years the internal fixation of new frac- 
tures of the neck of the femur has stimulated renewed interest and 
achieved far better results than heretofore, there still remain a large 
number of cases, which, because of the failure of the surgeon to make use 
of these methods or because of the failure of the method, go on to non-union. 
Because of the frequent incidence of non-union, many procedures have 
been advocated for its relief, most of which have proved to be a boon for 
these patients. These operations have been divided roughly into two 
groups, — those which are termed reconstruction procedures, such as the 
Whitman, Colonna, and Brackett operations, and those which aim to 
restore the anatomical and physiological relationships of the hip joint, 
such as the Albee bone-graft method, and the operations described by 
Gallie and Lewis, Dickson, Compere and Lee, Magnuson, and King. 

Since all these methods have been widely employed and extensively 
reported, there is no need to go into detail concerning their relative merits 
or the indi'vddual operative procedures. However, each one of these 
methods involves extensive operative technique, which in many instances 
results in postoperative shock and hemorrhage, and good end results are 
dependent upon many factors of which a meticulous operative technique 
is of utmost importance. 

In a recent article Colonna has divided ununited fractures of the neck 
of the femur into two groups; (1) those in which there is a viable head; and 
(2) those in which the head has undergone aseptic necrosis. He has stated 
that the reconstruction type of operation, such as he advocates, is indicated 
only for those individuals in whom the ununited-head is not viable. It 
would be fair to postulate, therefore, that these indications would apply 
also to the other reconstruction operations, which are predicated on the 
principle of the removal of the ununited head and the implantation of the 
remaining neck or trochanter. Although there are no exact statistics 
available, it is safe to say that by far the larger proportion of ununited 
femoral heads are viable. King, in his excellent and comprehensive re-- 
view of both recent and old cases, emphasized two important points. 
(1) A three-weeks-old fracture can be arbitrarilj'’ called old and ununited, 
as it can be assumed that the head of the femur, detached from its blood 
suppljq has less chance of osseous union, and that secondary changes are 
more probable than if operation were performed earlier. (2) Out of four- 
teen ununited fractures treated within three months b}^ extra-articular 
osteosynthesis with a Smith-Petersen nail, osseous union was obtained in 

*Read at the Annual Meeting of the American Orthopaedic Association, in Kansas 
City, Missouri, on Maj^ 7, 1940. 
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64.3 per cent., but in almost half a severe osteo-arthritis developed. Of 
sixteen ununited fractures treated within two years by extra-articular 
osteosynthesis with a Smith-Petersen nail and whole-thickness fibular peg, 
osseous union was obtained in 68.75 per cent, and in nearly one-third 
osteo-arthritis of a moderate form developed. 

In 1922 the writer had the opportunity of studying patients with 
ununited fracture of the femoral neck on whom an oblique o.steotomy had 
been performed by Hass. The operative procedure appeared so simple, 
compared to the other popular methods, and the re.sults so ex-cellent that 
this method has been employed in all suitable cases, — namely in those in- 
dividuals in whom the head of the femur was viable. This paper is a 
report of twenty-six patients who were operated upon. 

INDICxVTIONS 

All cases in which there had been no reduction, or in which the reduc- 
tion had been unsuccessful, were considered suitable for this method if 
the head was demonstrated roentgenologically to be viable. Notwith- 
standing the fact that King designates a three-weeks-old unreduced frac- 
ture as ununited, the shortest interval between incidence of fracture and 
osteotomy in our series was six weeks. This method was contra-indicated 
in those cases in which definite aseptic necrosis or osteo-arthritis of the 
ununited head had developed and in tho.se in which the patient’s general 
physical condition tvas of such a serious nature as to preclude any type of 
surgical operation, even one as simple as the osteotomy. 

Before describing the details of the operative technique, it may be 
well to discuss the principles on which the high oblique osteotomy is predi- 
cated. It is readily agreed that the shearing force of the fractured femoral 
neck on the head is the primary factor in the causation, not only of the 
fracture itself, but also of the deformity. This shearing force is also a very 
important factor in the eventual end result, regardless of what treatment 
is employed for the recent fracture. The first objective, therefore, in the 
osteotomy is to overcome this shearing force as far as possible, so that the 
fractured head assumes a position more or less on top of the neck instead 
of lateral to it. Secondly, in addition to overcoming this shearing force, 
the original osteotomy has been modified in such a manner that when the 
distal fragment is displaced inward, a portion of the head rests directly 
upon it, so that it acts as a direct source of -weight-jbearing. Moreover, 
the head is in direct approximation to the shaft, thus shunting off the 
femoral neck. 


SELECTION OF ANAESTHESIA 

It has been the writer’s practice to perform the osteotomy under 
general anaesthesia and the anaesthetic of choice has been avertin, in the 
dosage of approximately 80 to 85 milligrams per kilogram of body weight. 
For most of these cases this was sufficient to carry the patient through the 
entire operative procedure, but in some instances it was necessary to sup- 
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plement it with nitrous oxide and oxygen anaesthetic or with novocain 
block. Where there was a contra-indication to the use of avertin either 
nitrous oxide and ox 3 '-gen or a spinal anaesthetic was employed. 

OPERATIVE TECHNIQUE 

The roentgenogram is studied to determine the degree of coxa vara 
and consequently the relation of the neck to the ununited head. If there 
is a marked coxa vara due to excessive upward displacement of the greater 
trochanter, it ma}'’ be neee.ssary, as a preliminary procedure, to apply trac- 
tion to the leg for a sufficient period to restore the relation of the neck to 
the head, or at least to the position it assumed immediately after the 
occurrence of the fracture. It is not essential to reduce completely the 
coxa vara before the osteotomy is performed. 

Since it is necessary to immobilize the patient in a plaster-of-Paris hip 
spica following osteotom}'-, the operation must be performed on a fracture 
table with both feet fastened to the stirrups in slight abduction, and with 
moderate internal rotation of the fractured limb. Some of the shortening, 
if still present, should be overcome by traction exerted on the fractured 
limb with the aid of the fracture table before the level of the osteotomy 
is determined, because the osteotomy should be performed through or 
above the lesser trochanter. 

When the relationships are found to be favorable, the osteotomy is 
performed as follows: A lateral incision is extended from the prominence 
of the greater trochanter downward for approximately three inches, similar 
to that employed for extra-articular osteosynthesis with the Smith-Peter- 
sen nail, and the femur is exposed. To salvage as much of the length of 
the femur as possible, and to implant the lesser trochanter under the 
femoral head, the site of the osteotomy must be accurately determined. 
After the upper shaft of the femur has been exposed, a Kirschner wire, 
Steinmann pin, or metal screw is inserted through the site and in the direc- 
tion of the proposed osteotomy, and an anteroposterior roentgenogram is 
obtained to determine the exact level of the osteotomy (Figs. 1-B and 
1-C). This position should, if at all possible, be in the intertrochanteric 
space so that the inner portion of the osteotomy is just above or through 
the lesser trochanter. By means of a sharp osteotome the osteotomj'- is 
now performed in the horizontal plane with the osteotomj'- pointing up- 
ward and assuming an angle of approximately 20 to 30 degrees with the 
shaft of the femur. When the proximal and distal fragments have been 
completely divided, the distal portion of the osteotoni}’’ is pushed inward 
approximately one-half inch, according to the method described bj" 
McMurray for the relief of arthritis deformans of the hip joint. After the 
distal portion has been forced inward, the thigh is then abducted to an 
angle of approximately 30 degrees, the amount depending upon how satis- 
factority the distal fragment has been displaced inward. There is a 
particular advantage in performing the osteotomj^ above the les<:er tro- 
chanter if at all possible, as jMciMurra 3 ’- has shown, beeau.«e the muscle 
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attachments to the lesser trochanter assist in displacing the distal frag- 
ment inward by their pull. It is important that the osteotome divide the 
upper femur into two complete upper and lower fragments, without any 
secondary fragments being broken off. Otherwise a protruding piece of 
bone, either from the proximal or distal fragment, may prevent this inw'ard 
displacement of the distal fragment. The w^ound is then closed, and a 
plaster-of-Paris hip spica is applied with the femur in abduction of approx- 
imately 30 degrees and with the hip and knee in slight flexion. It is 
important to accomplish this abduction with the requisite pressure e.xerted 
on the thigh, and not on the knee or the leg below the knee. 

The osteotomy is checked by roentgenograms a few' days after the 
operation to ascertain its position, and, if unsatisfactoiy, remanipulation 
is carried out. Six w'eeks after the osteotomy another roentgenogram is 
obtained, this time to determine the degree of callus formation. In a pre- 
ponderance of tlie author’s cases there was sufficient callus demonstrable 
after this period to permit removal of the hip spica. If the roeutgeno- 
gram does not demonstrate adequate callus formation, the osteotomy is 
rechecked in two w'eeks, and almost invariablj' there is sufficient healing 
at this time to permit the removal of the external fixation. 

The patient is now immediately allowed up on crutches, and is en- 
couraged to bear weight. Whatever residual shortening tliere may be is 
compensated for by an elevation of the heel and the solo. As soon as 
feasible, the patient is referred for physiotherapy, and he receives mas- 
sage, muscle training, and active motion, with gradually increasing passive 
manipulation of the hip and if necessary also of the knee. The crutches, 
and the cane which is employed thereafter, are both discarded as soon as 
possible. 

In determining the end results of the high oblique osteotomy in 
patients on whom it has been performed, the following factors have to be 
considered ; . 

1. Hip function, which should include sufficient range of motion in 

the hip joint to permit the patient to dress and, particularly, to put on his 

shoe and stocking. 

2. Knee function, wdiich contributes to good hip function. 

3. - The degree of shortening. 

4. The amount of residual pain and discomfort. 

5. Union of the ununited fracture, which is necessary for optimum 
function. 

6. The degree of postoperative shock. 

7. The incidence of infection. 

DISCUSSION 

In the series of twmnty-six patients operated upon, the ratio of females 
to males wms two to one. The ages .ranged from fifty-seven to seventy- 
nine years The greatest period of non-union was two and one-halt years, 
and the shortest six weeks. One patient W'e were unable to locate to 
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evaluate the end result. There was only one death, which occuried three 
weeks after the osteotomy, from a cerebral complication in a seventy- 
three-year-old female patient, with Parkinson's disease. The high 
oblique osteotomy was considered to have failed in three of the twenty-five 
patients. In one patient there appeared to be an increase in the original 
non-union of the neck in spite of the fact that the osteotomy had healed in 
a satisfactory position. This failure may have been due to the fact that 
the osteotomy was too high and actually displaced the head too far up- 
ward. In another patient, a male with Parkinson's disease, tlieie are con- 
siderable restriction of motion, complaint of pain, and difficulty in locomo- 
tion, partly due to the patient’s illness. Of the twenty-two remaining 
cases, it is interesting to note that the earlier these patients were operated 
upon following the original fiacture, the more rapid was the convalescence, 
and the greater the restoration of function of the hip and the knee. All 
have resumed their former gainful occupations and are able to get about 
with very little difficulty or discomfort. In none of these patients to date 



Fig. 3-A 


Roentgenogram, taken July 26, 1939, of unumted fracture of the neck of the 
femur of two-and-one-half yeais duration. 


the journal or bone and joint surgery 



Fio. 3-B Fig. 3-C 

UiH'iitnoiioni ain, tiikeii Octobci’ 13, 1939, showing high oblique Roentgenogram, taken December 26, 1939, showing union of osteotomy 

icuuced dogiee of coxa vaia. Compaie with and previously ununited femoral neck. 
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Fig. 6-C 


Roentgenogram, taken August 17, 1940, shonung union of osteotomy and 
fcmoial neck with the head and tiochanters in excellent relation to the shaft. 

has there been any evidence of secondarj’’ osteo-arthritis or aseptic 
necrosis. 

Hip Function. All but one of the twenty-two patients had at least 
75 degrees of flexion of the hip; this one had 60 degrees. The greate.st 
amount of flexion was 110 degrees. In each of these individuals there was 
approximately 45 degrees of external and internal rotation of the thigh. 
Abduction averaged approximatel 3 r 20 to 45 degrees, and adduction aver- 
aged 30 degrees. 

Knee Function. The longer the period of time that had elapsed be- 
tween the original fracture and the osteotom3’’, the greater the restriction 
of motion in the knee. In man3’- of these patients, there was marked re- 
striction of motion before the osteotom3’' was performed. However, in 
each of these individuals knee function has been restored to a great extent, 
and, with the aid of well-planned and properl3’’ directed ph3'siotherap3’, in 
man3’- instances it has been restored completel3'. 
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Shortening. It is the opinion of some of the observers that leg length 
is sacrificed and consequently shortening is increased following a high 
oblique osteotomy. In the writer’s experience this has not been the case. 
When the osteotomy is performed at the desired level, the ununited head, 
which is in coxa vara, is frequently rotated upward by pressure from the 
lesser trochanter, and is actually replaced in its anatomical position 
(Figs. 2-A, 2-B, 6-A, and 6-B). When the osteotomy is performed through 
the intertrochanteric space, the obtusity of the angle formed by the neck 
and the shaft is increased, so that the hip joint somewhat resembles the 
upper end of the humerus, and leg length is consequently increased. In 
the writer’s series the greatest amount of shortening was one and one- 
fourth inches and the least, three-eighths of an inch. 

Pain. Of the three patients in whom the operation failed, two had 
considerable pain; the remaining twenty-two patients had varying degrees 
of pain in the hip and knee for an average of three months following the 
removal of the plaster-of-Paris spica. After this period the pain rapidly 
disappeared. A number of individuals complained of pain in the lower 
back, but this also gradually disappeared as function improved. 

Union. In every one of the twenty-two cases with good end results 
there was a union of the ununited fracture, and in two of the three pa- 
tients in whom the result was not satisfactory, there was questionable 
union (Figs. 1-A, 1-D, 3-A, 3-B, and 3-C). It is significant that callus 
was demonstrable between the osteotomized surfaces of the femur approx- 
imately six weeks following the operation in a preponderance of patients 
operated upon, and in the remaining patients two weeks later, thus permit- 
ting removal of the hip spica. By reason of the fact that the shearing 
force was eliminated, these patients were permitted to bear weight without 
any support. In one or two instances callus was demonstrated eight 
weeks after osteotomy, between the ununited head and neck and its distal 
point of apposition, but in most instances firm union was not evident 
much before three months following high osteotomy. This large inci- 
dence of union is quite remarkable and it is difficult to explain its causa- 
tion. However, it is e-\ddent, as has been recently suggested by Wilson in 
discussing osteotomy following ununited fractures of the femoral neck in 
children, that the osteotomy plays a very important role in the revascular- 
ization of the neck, resulting in union. In the discussion of the end result 
of the effect of union following osteotomy, it is evident that the end result 
is far better in those patients in whom union of the ununited femoral head 
has been accomplished. Moreover, it is quite significant and, therefore, 
fair to assume that secondary changes such as aseptic necrosis and osteo- 
arthritis are less likely to occur following osteotomy than after the other 
procedures advocated. 

Postoperative Shock. As the operative procedure requires approxi- 
mately twenty minutes for its performance, including the roentgenograms, 
and as there is very little operative hemorrhage, there should be no post- 
operative shock. In fact, none has yet been observed in our series. 
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Injection. The operative procedure entailed but a small incision and 
the minimum of tissue trauma, and all the wounds healed by first inten- 
tion. There were no infections. 

As the operation is designed to eliminate the femoral neck, the thigh 
is necessarily brought closer to the opposite side. Some patients, particu- 
larly the females, have complained of this difficulty, but this cannot be 
considered a serious contra-indication. A number of patients also com- 
plained of knock-knee. This occurred in very few instances, in those 
patients with greater shortening. When the shortening had been com- 
pensated, and knee-joint function improved, the patients were less con- 
scious of this fact. 

Some advocates of the reconstruction type of operation have empha- 
sized the fact that their procedure is preferable because it does not require 
anj’’ form of external fixation such as a plaster-of-Paris spica, while the 
osteotomy necessitates bed confinement, and is particularly conducive to 
joint stiffness. This has not been the experience of the author because 
the plaster spica is applied with both the hip and knee completely relaxed 
and in slight flexion, and the abduction is achieved by forcing the distal 
osteotomy fragment inward rather than by abduction of the leg. As a 
consequence, the plaster-of-Paris spica is applied with no undue strain 
on the ligaments of the knee. The patient is placed in bed so that the foot 
hangs out, and thus permits him to be in a partial sitting position. It is 
the author’s opinion that, unless there is an active knee-joint disease, 
there need be no fear of joint stiffness. Where one is apprehensive of any 
knee-joint stiffness because of osteo-arthritis or any other cause, a plaster- 
of-Paris spica may be applied with steel hinges incorporated in the plaster 
cast at the knee joint, thus permitting active and passive knee motion. 

SUMMARY 

In all cases of ununited fractures of the neck of the femur, where the 
head is viable, the high oblique osteotomy offers the simplest and most 
satisfactory method of treatment. By the operative technique described 
it is possible to determine the exact level of the osteotomy, thereby saving 
the length of the femur and ensuring security of the head on the end of the 
distal fragment. In a series of twenty-six patients treated by this pro- 
cedure, twenty-two showed good results, — namely, satisfactory motion in 
the hip and knee, union of the ununited fracture, a minimum of shorten- 
ing, and the ability to return to former occupations. 

Whereas the osteotom}^ has been emploj'-ed in the treatment of un- 
united fractures of the femoral neck since 1923, the first use of tlic higli 
oblique osteotomj’’ as described in this paper was in .Januar}^ 1935, and the 
last patient in this series was operated upon in Januaiy 1940. 
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THE AUTOSYNOSTOSIS AS A SIMPLE METHOD OF 
SHORTENING THE BONE 

BY PHOr. DR. S. KOFMANN, ODESSA, U.S.S.R. 

From the Institute of Orthopaedics and Traumatology, Tashkent 

The choice of a method of equalizing the length of members of the 
body is frequently difficult. Since the operation for lengthening of the 
bones is a serious one, attended by many risks, the establishment of equality 
bj’’ the simpler method of shortening is preferred by many surgeons. 

The operation for shortening the sound limb was first performed by 
Heine (Wurzburg), but interest in it was not apparent until about the 
beginning of the present century. Since then, according to J. W. White ^ 
articles on its employment have been published in many countries. Pre- 
vious to 1934, Dr. White performed forty-five operations for shortening 
the longer lower limb. 



A B C D E 


Fig. 1 

Diagram showing various procedures. A: Deutscliliinder’s; B: Calve’s; C: Wliite’s; 
D; Sorrel’s; E: Kofmann’s. 

Defective limbs are frequently the result of muscle contracture or 
muscle wounds, or of contraction from injury to nerve trunks or roots, etc. 
In such cases there is distinct indication for surgical intervention to cor- 
rect the defect or deformity. An operation ma}’’ be indicated to correct 
defects as in Volkmann’s ischaemic contracture, perhaps in combination 
with the operation on the contracted muscle, as reported b}" Sorrel. 
The question of shortening the sound limb has had much discussion, but 
the author shares the opinion that this means of length equalization is 
to be preferred to the lengthening of the defective limb since in the latter 
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Fig. 2-A 

Case of manus vara. The distal end of 
the ulna is longer than that of tlie radius. 



Fig. 2-B 

After autosynostosis, the ends 
of the bones aie at the same level. 


there may be atrophy of scar tissue, contraction of muscle or tendons 
with adhesions, callus formation about the trunks of nerves, deformity of 
bone, and the result of old osteolytic changes, with the danger of retention 
of active germs and the possibility of infection. 

Any operation for bone shortening should be simple and should give 
all possible assurance of successful union. However, this union may not 
always be obtained. In the author’s experience, an oblique resection of a 
sound limb, performed twelve years ago, although surgically and postop- 
eratively treated in the usual manner, failed to result in bony union, and 
secondary deformity developed. 

Various methods of operating and of obtaining fixation have been 
reported. Deutschlander used aluminum plates. White overlapped the 
ends of the shortened bones and used pins, Calv6 made an oblique cut, 
with a long quadrangular thorn at one end which he introduced into the 
marrow channel at the other end. For fixation he used strong catgut 
threaded through the bone. Sorrel employed “resection en chevron”, 
introducing one sharpened end into a triangular cut at the other, strength- 
ened by plates. 

A communication of Dreyfus on the subject of camptodactylia, 
describing an operation to produce a stable contracture of the fingers by 
a method of shortening the bones of the hand, stimulated the author to 
follow this principle in a case of arthrogryposis. 

The technique was simple. A long incision was made over the dor- 
sum of the hand and the periosteum was incised for the greater part of its 
length, stripping it from around the sides of the two metacarpal bones. 
Then, with a sharp chisel, a four-centimeter incision was made along the 
shaft, leaving the cancellous portion with a thin part of the cortex. 
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The thin portion of 
the bone was then 
fractured and the 
fragments were pushed 
together to produce 
the desired amount of 
shortening, and the 
periosteum was closed 
with sutures. 

The same opera- 
tion was employed in 
a case of manus vara 
caused by an elonga- 
tion of the distal end 
of the ulna, the result 
of an injury during 
childhood. In this 
case, resection of four 
centimeters at the dis- 
tal end of the ulna was 
made, with fracture of 
the thin cortical area 
into the periosteal cuff ; 
the fragments at the 
intersected portions 
were pushed into con- 
tact with each other. 

The same method was applied in a third case, deformity resulting 
from a wound of the cervical plexus causing marked atrophy and paresis of 
the upper limb. The hand had the shape of the classic “main en griffe”. 
Shortening of the metatarsals according to the method described brought 
about an improvement in the position and function of the fingers. 

In a fourth case, a boy with rachitic deformitj’" of both lower limbs, 
so extreme that the lower epiphysis pointed inward at a marked angle and 
the fibula showed an outward bowing with an increase in length, so that in 
standing the foot rested on the outer border of the external malleolus, 
an osteotomy of the tibia was performed ; the fibula was shortened accord- 
ing to the author’s method by an excision of a piece of bone four centi- 
meters in length at its middle third; the thigh was corrected and the 
leg fixed in plaster in normal position. 

By this method, the preservation of the periosteal cuff prevents the 
interposition of muscle tissue, and the insertion of one bone end into the 
other secures the union of the fragments. The operation is simple, and 
no special surgical instruments are required. The method is less difficult 
and gives greater surety of success than the methods usuall}' employed. 

1. White, J. tv.: Femoral Shortening for Equalization of Leg Length. J. of Bone 
and Joint Surg., XVII, 597, 1935. 
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Fig. 3-A Fig. 3-B 

Case of rachitic deformity, befoi e and after operation. 



RADIATION TREATMENT OF GANGLIA 
OF THE WRIST AND HAND 


BY FRANCIS M. LYLE, M.D., CHICAGO, ILLINOIS 
From The Presbyterian Hospital of the City of Chicago * 

Ganglia occurring about the joints, and those involving tendon 
sheaths, are embarrassing deformities, and may cause pain and weakness 
of the joint. Some patients prefer prompt treatment. The ganglia may 
develop after injuries such as sprains, or insidiously without known 
trauma. The pathogenesis is, in my opinion,- probably traumatic. This 
opinion is based on the microscopic pathology of thirty-two sections of 
tissue, removed at operation, which rermaled two cases of round-cell in- 
filtration, and one case of hemosiderin pigmentation in the wall of the 
ganglion and surrounding adherent adipose tissue. Other theories, how- 
ever, include herniation of the synovial membrane through an area of 
weakness in the tendon sheath or joint capsule, and colloid degeneration 
of the synovial membrane. Roentgen-ray therapy has been used at The 
Presbyterian Hospital with very satisfactory results. 

Twenty-one patients with ganglia were treated by this method, and 
six of these have been followed for five years. The condition occurred 
with approximately equal frequency in males and females, — males eleven, 
females ten. The duration of these tumors, before consultation with the 
doctor, ranged from six months to twelve years with the average about 
two and one-half years. The occupations of the patients were student 
(six), clerical worker (six), housewife (three), nurse (two), and lawyer, 
chef, laborer, and child (one each). All but two of the tumors were 
located in the wrist. The two exceptions were in the tendon sheaths of 
the thumb and first finger. Of the twenty-one patients, eighteen com- 
plained of pain, fourteen of the presence of the tumor, and eleven of 
weakness of the joint. 

The size, duration, and previous treatment of the tumor generally 
dictated the number of roentgen-ray treatments required to relieve the 
S3'’mptoms. Eight patients received only one treatment; one receii^ed 
seven, and another eight; the average number Avas nearly three. Of the 
eight patients Avho receiA^ed one treatment, fiA'^e Avere relieA'-ed of symptoms 
and three failed to return. Questionnaires ansAvered stated that one of 
the three Avas not helped, but that the other tAvo Avere slightly benefited 
by the treatment. The dosage of roentgen ray administered Avas 1.5 
erythema immediately over the tumor. The patients were told to return 
in one month. If the tumor had disappeared and all symptoms Avere 
relieved, one treatment Avas considered sufficient. Where the tumor per- 
sisted, 1.5 erythema of radiation Avas given each month until results Avere 

* Surgical Service of Kellogg Speed, M.D. 
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obtained. If more than five treatments are necessary, the interval be- 
tween treatments must be more than one month. 

The tumor in the cases requiring seven and eight treatments gradually 
decreased in size, and increased in resistance to palpation. The actual 
process was one of fibrosis and destruction of endothelial secreting cells. 

The value of the roentgen-ray therapy is revealed by the results of 
examinations and questionnaires. Seventeen, or 81 per cent., of the 
tumors had disappeared; fourteen, or 78 per cent, of those complaining of 
pain were relieved; and nine, or 82 per cent, of those complaining of weak- 
ness had normal return of function in the joint. In general, seventeen 
had good results, one was improved, two were not improved, and one was 
not heard from. 

The author believes that this method of treatment is superior to the 
various procedures used in the past, and warrants a more extensive use. 
Ganglia which are aspirated or treated by the injection of a sclerosing 
solution such as sodium morrhuate, tend to recur. The old method of 
striking the tumor with the family Bible does not appeal to the patient’s 
fancy, and seldom produces a cure. Surgical excision has produced the 
best results in the past with the least number of recurrences. 

The advantages of roentgen-ray therapy over other procedures of 
treating ganglia are: 

1. A higher percentage of cures is obtained. 

2. There is no resulting scar. 

3. Hospitalization is not required. 
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OSTEOPATHIA CONDENSANS DISSEMINATA 

OSTJEOPOIKILOSIS (SpOTTEO BoNES) 

Report of a Case 

BY LENOX D. BAKER, M.D., DURHAM, NORTH CAROLINA, AND 
H. ALVAN JONES, M.D., BALTIMORE, MARYLAND 

From the Children’s Hospital School, Baltimore 

Osteopoikilosis, a disseminated condensing osteopathy sometimes 
called osteopecilia or Albers-Schdnberg disease, is a congenital anomaly 
which is probably hereditary in nature. It occurs without symptoms, is 
seen in both sexes, and has been reported in every bone. It is usually 
diagnosed b}’’ chance when noted during roentgenographic examination 
for some other disorder. We were able to find fifty-two cases reported 
in the literature, but see no need for a detailed review at this time since 
Lowrey and Booth ® have recently made an excellent survey of the 
literature, and listed a complete bibliography. Albers-Schdnberg ^ 
is generally credited with having reported the first case in 1915. Roent- 
genograms of his patient, a twenty-one-year-old white male, revealed 
rounded or oval areas of spotted condensation in the spongiosa of the 
bone. Bloom ^ credited Stieda with having described the condition in 
1905 when he reported both roentgenographic and miscroscopic findings 
that are in keeping with the present concepts of the disease. 

ETIOLOGY 

The congenital origin of the disease has been well established. Von 
Bernuth demonstrated the changes in a child eighteen days after birth. 
Heilborn, in discussing a report of Steenhuis'®, stated that he had seen the 
condition in a four-months-old foetus. Keyser, in discussing the same 
paper, stated that he had seen the changes in a child a few days old. 

The hereditary factor has not been elucidated ivith certainty. 
Voorhoeve reported three cases in one family. In making roentgeno- 
grams of a fourteen-year-old boy to elicit the cause of a chronic synovitis 
in the knee joint he demonstrated the linear (striae) type of changes con- 
sisting of vertical streaks of increased density in the long bones of the lower 
extremity, pelvic bone, sacrum, calcanei, scapulae, and the ribs. Roent- 
genograms of the boy’s sister showed the same skeletal changes. The 
father showed similar changes. Roentgenograms of Voorhoeve’s patient 
have been reproduced by Sutherland i®. Wilcox 2® observed osteopoikilosis 
in a father and son. Svab reported the condition in a father and two 
sons. Bloom found an isolated lesion m a metacarpal bone of the sister of 
his patient, hlascherpa ® reported “slight changes ’’ in a brother and a sis- 
ter of his patient. Hirsch ® reported the condition in a father and son ; the 
father showed mixed lesions, but the son showed only lesions of the 
nodular type. 
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Numerous etiological theories have been advanced: Voorhoeve 
thought that osteopoikilosis and dyschondroplasia might well be different 
manifestations of similar endochondral disturbances. Nichols and 
Shiflett “ reported a patient with multiple osteochondromata, proliferative 
periostitis, and clinical signs of hypothyroidism and hypopituitarism, who 
presented the typical changes of osteopoikilosis. Wilcox thought it 
of interest to .speculate that osteopoikilosis might be associated with 
parathyroid disturbance. Newcomet who reported the first case in the 
American literature, thought the areas of increased density were ostoses 
which grew inward. Haack ® has expressed the theory that the changes 
are possibly due to small venous emboli. Tuberculosis, scleroderma, 
diabetes, typhoid fever, and syphilis have been reported as concomitant 
diseases. The simultaneous occurrence of osteopoikilosis and dermato- 
fibrosis lenticularis disseminata, as pointed out by Curth is of interest in 
that both conditions involve tissues of mesenchymal origin, and ap- 
parently represent manifestations of similar lesions in different organs. 
Stubenrauch pointed out that the areas may be due either to remnants of 
cartilage in the epiphysis or to constricted islands of intermediary cartilage. 

PATHOLOGY 

Roentgenograms show two types of lesions: the nodular (spotted 
areas of increased density) in the spongiosa, and linear striae (streaks of 
condensation) along the shaft. Both types of change are illustrated in 
Figures 1 and 2. 

Schmorl whose paper was abstracted by Nichols and Shiflett, is 
credited with having contributed the first histopathological description of 
osteopoikilosis. Gross examination of cross sections of the bone in his 
case shoAved that the areas of increased density varied from needle-head 
to pepper-grain size. They Avere irregular in contour and grayish-Avhite in 
color. Those in the epiphysis AA^ere almost never in the terminal lamina 
to Avhich the joint cartilage is connected. Those in the diaphysis usually 
lay in the periphery, and rarely in the axial plane. Microscopic studies 
shoAA'^ed the areas of increased density as numerous juxtaposed trabeculae 
AAdiich gradually merged into the surrounding spongiosa. The thickne.ss 
of the trabeculae A^aried; the thicker ones consisted of lamellar bone ar- 
ranged mostly parallel to the long axis of the bone. Some AA'ere grouped 
in the periphery, concentrically around blood A’^essels. Schmorl did not 
consider an endochondral origin probable, since the areas of increased 
density AA’ere not connected AA'ith the endochondral zone of groAvth, and 
cartilage AA^as not obserA^ed in the areas described. He concluded that 
osteopoikilosis AA-as probabl}’" a congenital anlage. 

Stubenrauch from his histological studies concluded that osteopoi- 
kilosis deA'^elops by AA’ay of endochondral ossification, and he AA’as able to 
shoAV the earljr formation of one of these areas of increased densit}’ on the 
cartilage in this manner. 

Only a feAv patients haA’e been obserA’ed for anj’ length of time. 
Jeter and AIcGehee " reported a case in AA’hich the changes had been known 
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to be present for a period of fourteen years. Newcomet noted no change 
in the lesions during four years’ observation of his patient. Nichols and 
Shiflett followed their case for a period of seven years without any notice- 
able change. This lack of roentgenographic change is in keeping with the 
observations of Schmorl in that he found no signs of resorption or of 
production in the dense areas. 

The bones have no tendency to fracture and there have been no pre- 
vious reports of disturbance in their epiphyseal ossification or growth. 
Blood calcium and phosphorus, when determined, were found to be normal. 

The case herein described presents both the nodular (punctate) 
and the linear (striae) types of lesions, and for the first time in the history 
of the disease, as far as we have been able to ascertain from the literature, 
presents a disturbance in the epiphyseal growth as well as various con- 
tractures and deformities, the cause of which has not been determined. 
The patient has been observed for a period of fij^e years. Roentgeno- 



Fig. 1 

Roentgenograms of the right knee. Tibial and femoral epiphyses, as well as the 
patella, show typical “spotted-bone” changes, whereas the diaphyses present 
striae areas of increased density. The enlargement of the medial aspect of tne 
lower end of the diaphysis, and the epiphysis of the femur are not involved in the 
process. Roentgenograms of the left knee showed identical changes. 
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Fig. 2 

Lateral roentgenogram of riglit foot showing involvement of the epiphj'sis 
of the fibula, all tarsal bones, proximal heads of the second, third, and fourth 
metatarsals, distal heads of the first, second, and third metatarsals, and proxi- 
mal phalanx of the great toe. Striae changes visible in the upper two thirds of 
the tibia are not piesent in the lower third. Roentgenogram of the left foot 
showed similar changes in the epiphysis of the fibula, calcaneum, and cuboid, 
and, to a lesser extent, in the astragalus and second cuneiform. 

graphic studies of other members of the famil}'- failed to show even tlie 
slightest suggestion of any osteopoikilosis. 

C.A.SE KEPORT 

R. F. W., an eight-year-old white male, was admitted to the Children’s Ho'^pital 
School on July 2, 1936, complaining of a deformity' of the left foot of four years’ duration, 
and of an asymptomatic enlargement of the medial condyle of the right femur of two years’ 
duration. 

On e.xamination the patient stood with an equinus deformity of the left foot. The 
left lower extremity was adducted and the right was abducted and externally rotated. 
The pehus was rotated counterclockwise and tipped forward. The spine showed a long 
right thoracolumbar scoliosis which disappeared when the patient was seated. The 
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medial condyle of the right femur presented a smooth, regular enlargement which was 
not tender and did not have any increased local heat or redness. There was a genu 
valgum deformity of the right knee with a lateral displacement of the patella, but with 
a normal range of motion. The right foot presented a slight varus deformity and a hallux 
valgus with the great toe overlapping the second toe. The proximal phalanx of the 
second toe was enlarged. The fourth toe showed a hammer-toe deformity. A con- 
tracted Achilles tendon held the left foot in an equinus position which could not be 
forcibly corrected. There was no muscular weakness and the reflexes were present. 

Roentgenograms showed punctated and striated changes throughout the pelvis, the 
femora, pubes, the right patella, and the tarsal and metatarsal bones, as well as the 
phalanges of the lower extremities (Figs. 1 and 2). Roentgenograms taken elsewhere 
one year preceding admission showed similar changes. 

The laboratory findings were as follows; 

Urinalysis — ^negative 
Hemoglobin — 100 per cent. 

White blood count — 8,920 
Blood calcium — 9.7 milligrams 

phosphorus — 4.0 milligrams 
Phosphatase — 5.4 milligrams 
Wassermann — negative 

In a biopsy of the body of the left os calcis the bone was found to be of a normal 
consistency and hardness. Sections showed adult cartilage, calcified cartilage, and can- 
cellous bone. In one area there was some variation in the thickness of the trabeculae 
but no increase in their contiguity. The failure of a large section of the left os calcis to 
show changes demonstrated in the roentgenograms was thought to be in keeping with the 
previously reported findings of a peripheral distribution of the areas of increased density. 



Fig. 3-A Fig. 3-B Fig. 3-C 

Photographs of patient. Note contractures about toes of the right foot, equinus 
deformity in the left ankle, and enlargement of the medial condyle of the right femur. 
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DISCUSSION 

No definite conclusions concerning the etiology of osteopathia con- 
densans disseminata have been reached and no new theory advanced. 
That it is a congenital anlage is fairly well established. The hereditary 
factor has not been elucidated with certainty. 

The reported case is of interest in that it (1) shows both punctate 
and striae types of lesions, (2) has been followed for five years, and (3) 
presents a disturbance in the growth of one of the epiphyses as well as 
numerous tendon contractures and deformity. 
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AN UPPER-ARM FRACTURE FRAME 


BY H. K. CHRISTIE, CH.M., F.R.C.S., F.R.A.C.S., 

WANGANUI, NEW ZEALAND 

From the Orthopaedic Department, Wanganui Hospital 

This simple apparatus was devised in the first instance to deal with 
fractures above the condyles of the elbow in children. It provides both 
the longitudinal extension and the upward lift required to restore the 
short lower fragment to its correct position. It ensures the maintenance 
of external rotation, and it accomplishes most of the reduction auto- 
matically with a minimum of trauma to the elbow. We have been so 
satisfied with it that we have adopted it as one of our standard appliances. 

CONSTRUCTION OF THE FRAME 

Figure 1 shows the arrangement of the apparatus for a fracture of 
the surgical neck (adduction fracture) of the humerus. The frame itself 
is a simple gallows fastened to the table with brackets and screws. Any- 
one with a saw and screw driver can make it in a few minutes. On top of 
the gallows are extension pieces into which a pulley may be screwed to 
give the required degree of elbow flexion or extension. The table may be 
any small table or even the bedside cupboard. Its top is flush with the 



Fig. 1 

Uppei-aim fracture frame showing airangement for fracture of the surgical 
neck of the humenis. 
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mattress, which in turn rests upon fracture boards. In Figure 2 is seen a 
more adaptable table which fits either the left or right side of the bed. It 
has^ an adjustable upright attached, so that the line of traction may be 
varied to suit the fracture. The wide legs permit the x-ray tube to be 
swung underneath, so that the rays come up from below at an angle, while 
the cassette is held across the elboAv flexure. 

In using this apparatus for supracondylar fractures, traction is made 
along the surface of the table, on which the arm rests. The four hooks 
visible in the picture are screwed into the surface of the table, two by 
each bracket, as shown by the dots in Figure 2. A piece of stout calico is 
fastened onto the hooks, and, passing over the shaft of the humerus, holds 
it down on the surface of the table. This provides countertraction to 
the vertical weight. 

When the patient is admitted to the hospital the arm is put into the 
frame and horizontal and vertical ten-pound weights are attached and kept 
in place for twenty-four hours. Traction with fine Kirschner wire is ap- 
plied for a supracondylar fracture, but strapping is satisfactory for a 
humeral neck fracture. A few inhalations of ethyl chloride, or the injec- 
tion of novocain, is required while the wire is passed through the olecra- 


non at about the line 
nerve, and the radio- 
ulnar joint. 

The use of wire 
traction through the 
olecranon is open to 
criticism. The wire 
should be a fine one, 
and should be re- 
moved in three or 
four weeks. There is 
no other way of get- 
ting continuous ex- 
tension — the keynote 
of success — in a su- 
pracondylar fracture. 
During the past two 
years there have been 
no complications as a 
result of such traction. 

The elbow posi- 
tion at 90 degrees and 
the longitudinal trac- 
tion which corrects 
the overlap are safe- 
guards against isch- 
aemia. When the 


of the humeral axis. This will clear the ulnar 


I. 





Fig. 2 


Upper-arm fracture frame showing the arr-ingemcnt of 
the table legs, permitting an .\-ray tuljc to be swung under- 
neath The table fits either side of the bed. .Vn adjustable 
upright carries the pulley for longitudinal extension. Tlie 
honks seen on the upper part of the frame are .screwed into 
the table top where the dots are shown, so that the humeral 
shaft can be held down with a “ground-sheet ” to counter 
the upward extension in supracondylar fractures. 
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roentgenogram shows no further overlap, usually the next day, manipu- 
lation under a very brief anaesthesia corrects the backward displace- 
ment. Both corrections are maintained in a child by a four-pound pull 



Fig. 3-A 


Case 1. Fracture of the internal condyle and epicondyle. 



Fig. 3-B 

Case 1. Two months after treatment in the frame. 
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over each pulley. The manipulation should be completed at one time, 
as subsequent manipulations spread the haematoma and promote excess 
callus. The rapid formation of callus in children may preclude a reduc- 
tion by the end of ten days. 



Fig. 4-B 

Case 2. After treatment in the frame for four and one-half \veek«. 
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Fig. 5-A Fig. 5-B 

Case 3. Adduction fracture of the Case 3. Six weeks after treatment 

neck of the humerus. in the frame m abduction of 90 degrees. 


After three weeks, extension is discontinued, the arm placed in a 
sling, and active movements and massage commenced. 

A few roentgenograms are reproduced to show some humeral frac- 
tures reduced in this very sure and convenient apparatus (Figs. 3-A, 3-B, 
4- A, and 4-B). 

Almost all humeral fractures may be treated in the frame, except 
impacted abduction fracture of the humeral neck in adults. These should 
be treated in adduction. 

Although especially designed for children, a slightly larger frame is 
suitable for adults. A plaster strip may be used in addition for a shaft 
fracture. 

The dislocated shoulder combined with a fracture of the tuberosity 
or avulsion of the supraspinatus, is especially suitable for treatment by 
the frame. After reduction of the dislocation, traction in abduction of 
90 degrees restores the torn capsule as well as reduces the separated 
tuberosity. 

ADVANTAGES OF THE UPPER-ARM FRAME 

1. Simplicity. It can be constructed by anyone and used in the 
patient's own home. 

2. Control. Any desired degree of abduction, external rotation, 
and flexion at the shoulder, and of flexion or extension at the elbow can 
be maintained. 

3. Facility. Manipulation can be carried out in the frame, with 
the help of its traction. Roentgenograms can be taken from the side or 
from below. Plaster strips may be applied at any stage with no risk of 
redisplacement. 

4. Convenience. It guards against ischaemia, saves time, and re- 
duces manual manipulation to a minimum. 

5. Comfort. The patient is at once both relieved of his pain, and 
put under complete control. 
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TREATMENT OF ACUTE ACROMIOCLAVICULAR 
DISLOCATION 


BY VEBNON L. HABT, M.D., MINNEAPOLIS, MINNESOTA 

Complete acute traumatic separation of the acromioclavicular joint 
is a serious and not uncommon injury. A fall or bJoiv on the prominence 
of the shoulder results in a rupture of the acromioclavicular and coraco- 
clavicuiar ligaments. There is a dowmvard displacement of the acromion 
and an upward displacement of the clavicle. The deformity can be re- 
duced by pushing upward on the elbow wJnJe pressure is applied down- 
\rard over the lateral portion of the clavicle. The deformity recurs as 
soon as the pressure is released because stability of the joint depends 
entirely upon ligaments and not upon anatomical configuration of the two 
bones. Proper treatment demands complete reduction of the dislocation 
and uninterrupted maintenance of the reduction until the ligaments have 



Fig. 1 

Piaster-of-Paris shoulder spica with 
adjustable padded webbing strap.s and 
buckles, for treatment of complete 
acute traumatic acromioclavicular dis- 
location. 

frequently permit an acute dislocation 
requires surgical correction. 

During a period of ten j’^ears 
ment (Fig. 1) which has proved to 
ter-of-Paris shoulder spica is applied 
arm in a position of about 45 degrees 
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PJaster-of-Parls shoulder spica with 
upper Iwlf removed. 

healed. Adhesive dressings arc un- 
comfortable and inefficient and too 
to become a chronic one which 

the writer has used a method of treat- 
be comfortable and efficient. A plas- 
while tile scapula is elevated with the 
of abduction. Tiie plaster spica 

17 .) 
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anchors the elevated acromion. Downward pressure can then' be applied 
over the lateral portion of the clavicle by means of two two-inch webbing 
straps with buckles which are incorporated within the plaster spica during 
its application. The continuous pressure over the clavicle is made more 
comfortable by placing a layer of felt and a firm rubber sponge between 
the webbing straps and the skin over the clavicle. This arrangement of 
cast and adjustable padded webbing straps fulfills the requirements of 
treatment, which are continuous and uninterrupted reduction of the dis- 
location, with comfort, until the ligaments have healed. A period of six to 
eight weeks is required for healing of the ligaments. 

After the cast has been applied a window about one and one-half 
inches in diameter should always be removed from the cast at the elbow 
to prevent pressure necrosis of the skin over the internal epicondyle, and 
pressure neuritis of the ulnar nerve. 

After the fourth week of treatment, the upper or cephalad half of the 
plaster Avhich encases the extremity is removed (Fig. 2). The patient is 
instructed to use actively all motions of the elbow joint, and abduction 
and external rotation of the shoulder. The complete range of elbow and 
shoulder motions will then have been restored when the entire cast is re- 
moved at the end of six to eight weeks. 
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CORACOCLAVICULAR ARTICULATIONS 

BY P. DAVID NUTTER, M.D., HUNTINGTON, WEST VIRGINIA 

From the Bone and Joint Service, Receiving Hospital, 

Detroit, Michigan 

Contrary to the belief expressed in the works of most authors on 
coracoclavicular articulations, these joints are not rare conditions. 

The author’s attention was first called to the existence of these 
joints by Grado3’’evitch’s article describing the x-ray findings of a case 
with evidence of bilateral coracoclavicular joints. In this report, he 
stated that prior to the discovery of his case only fifteen other cases were 
known to medical science, ten of which had been proved anatomically 
and five roentgenographically. 

The purpose of this article is to give a roentgenographic description 
of this joint and to present evidence of the frequency of its occurrence. 
The discussion and findings relative to the anomaly as presented by other 
authors will not be repeated here, since this was adequately coveied in 
Gradoyevitch’s work. 

Absolute proof of the existence of this joint, as Gradoyevitch states, 
“demands evidence of two cartilaginous articular surfaces, — a capsule 
and a synovial membrane”, the essential anatomical structures of all 
true joints. Although all these separate anatomical structures cannot 
be demonstrated by ordinary roentgenographic methods, the presence of 
a large clavicular bony process, which has a facet that conforms to the 
adjacent end of the coracoid, appears to be as adaptable to this surface 



Fig. 1 

Case G. Roentgenogram of chest showing the presence of liilateral coracocla- 
vicular articulations. 
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as the surfaces of other 
true joints are adapt- 
able to each other, 
and with the coracoid 
forms an inter articu- 
lar space, leaves little 
doubt that the other 
joint structures are 
also present. 

These articular 
bony outgrowths on 
the clavicle are pres- 
ent at the site of the 
tuberosity for the at- 
tachment of the co- 
noid ligament. Often 
in an adult clavicle this 
tuberosity can easily 
be defined roentgeno- 
graphically. Some- 
times this tuberos- 
ity is as large as the 
apophysis of a coraco- 
clavicular joint, but it does not possess the same smooth, concave articular 
facet. In some cases no conoid tuberosity can be demonstrated by roent- 
genograms; the outline of the bone at this point is smooth and continuous 
with the general outline of the inferior surface of the clavicle. 

Of 1000 unselected roentgenograms of adult shoulders taken for 
various conditions at Receiving Hospital, twelve roentgenograms, or 
1.2 per cent., gave evidence of coracoclavicular joints. Of these twelve 
patients with coracoclavicular joints the condition was bilateral in six. 
In only two of the other cases were roentgenograms taken of both 
shoulders. 

This condition was present in eleven male patients and one female. 
Unfortunately a record of sex was not kept in the original 1000 cases; 
therefore, this does not give an accurate sex distribution of this condition. 

Five cases had roentgenograms of the chest for suspected lung 
pathology. Three of these gave roentgenographic evidence of bilateral 
symmetrical apophyses, with facets adaptable to each corresponding 
coracoid process. In one case, all of the left shoulder was not included 
on the plate, and in the remaining one an articular process was present on 
the left clavicle, but on the right there was only a tuberosity for attach- 
ment of the coracoid ligament. This did not po'^sess the smooth, concave 
surface similar to that of the left side. 

In four cases roentgenograms were taken of the shoulders. Three 
of these patients had suffered recent injury, and one (Fig. 2) complained 
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Case 8. Roentgenogram of left shouldei showing the 
presence of a typical coiacoclavicular articulation. 
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of pain over the subacromial bursa. Oiity one patient in this group had 
an x-ray taken of both shoulders. This revealed evidence of a coraco- 
clavicular joint on the left. On the right, the conoid tuberosity was prom- 
inent, but its inferior surface was rounded and did not possess an articular 
facet. Examination of both shoulders showed them to be symmetrical 
with normal motion. 

Onl}’- three patients in the entire series had detailed ph3’-sical examina- 
tions for evidenee of presence of coracoclavicular joints. In these no 
abnormality was demonstrated that could be attributed to their presence. 

From this stud3’- it can be concluded that the anatomical and ph3’-si- 
ological significance of these joints is onty academic. However, inasmuch 
as the3’’ are true joints, it can be presumed that they are not exempt from 
aity of theA'arious pathological conditions which affect any other joint. 
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A UNIVERSAL SPLINT FOR EMERGENCY IMMOBILIZATION 
OF FRACTURES OF THE EXTREMITIES, NECK, AND BACK 


BY ALEXANDER L. BASSIN, M.D., NEW HAVEN, CONNECTICUT 
From the Section of Orthopaedic Surgery, Yale University 

The splint described here has a variety of uses in the emergency 
immobilization of fractures and has been successfully used in our clinic 
as part of the ambulance equipment. It is a stable and simple mechanism 
for the immobilization of an extremity, neck, back, or pelvis. Additional 
advantages are that the mechanical adjustments are not complicated, the 
apparatus can be applied quickly and easily, and can be collapsed to an 
over-all length of thirty-three inches for storage (Fig. 4). It occupies 
considerably less space than some of the other conventional splints. Be- 
cause of its compactness it can be carried in a suitcase as equipment for 
emergency care of athletic teams. Fitted into a flat canvas case, which 
also contains bandages and first-aid dressings, it can be carried in the 
physician's car, or made available as emergency equipment in first-aid 
stations and public vehicles, such as buses and trains, etc. 

For adequate immobilization the standard emergency splint equip- 
ment must include at least two of the customarily used splints to be 
suited to the diameter and length of the upper and lower extremities in 



Fig. 1 



Fig. 2 
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adults and children. This universal splint is interchangeable for either 
the upper or lower extremities and is also adjustable to their length and 
diameter. 


The splint is composed of two major parts. One part consists of a 
half ring (.4), nine and one-half inches between the free ends £fnd seven 
inches in depth, at the ends of which are attached two tubular rods (C). 
These rods, which are twenty-four inches in length and 0.33 inches in 



diameter with an 0.26 inch bore, 
form the side arms of the splint and 
are joined to the ring by means 
of two right-angled joints (B). A 
strap (F) joins the free ends of the 
half ring which may be covered 
with either leather or rubber from a 
baby-buggy tire. The second part 
consists of a U-shaped rod (E), with 
arms twenty-two inches long and 
0.24 inches thick, which fit easilj'^ 
into the tubular side arms of the 
splint. The base of the U-shaped 
rod is five inches in Avidth. The 
position of the rod within the tube 
is maintained by means of thumb 
screivs (D). 

The Avidth of the splint can be 
adjusted, by altering the angles bc- 
tAveen the ring and the side arni'^, 
from approximatel3' fiA'e inches 



Fig. 5 (Fig- 5) to nine inches (Fig. 6), Fig 0 
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and, as it can thus 
accommodate varia- 
S' \ fiv'^i'i '/ ' tions in the diam- 

'K. V'.i r. s \c s 

length of the ex- 

^ f'^ '"^ tremity, it is applic- 

^ able for use with 

children and adults. 

When used for the immobilization of the head, neck, and back, and for 
injuries to the pelvis, the half ring is maintained at right angles to the side 
arms of the splint, and the length of the splint is adjusted to extend just 
beyond the level of the greater trochanters (Fig. 7). The thumb screws 
are set so that they remain flat. The splint is passed beneath the 
individual, and the head, neck, and trunk are held in place by means of 
bandages. Such immobilization provides adequate stability and protec- 
tion during transportation of the patient. 

Because of its adjustability^the splint may also be used in the bed care 


of fractures requiring traction-suspension treatment. 
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A SIMPLE CORRECTIVE DEVICE FOR HALLUX VALGUS 

BY MARTIN BATTS, JR., M.D., GRAND RAPIDS, MICHIGAN 

A simple, efficient, inexpensive, and comfortable corrective device 
for hallux valgus is difficult to find. The device herewith illustrated 
meets all these requirements. Its action is similar to that of the stretched 



Fig. 1 


and non-functioning abductor hallucis. A rubber glove is cut in the 
manner indicated in Figure 1, and the appliance is immediatel}^ read}'^ for 
wear. It has been found to be especially useful in maintaining a post- 
operative correction of a hallu.x valgus. 
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A SIMPLE METHOD OF APPLYING PLASTER CASTS TO 
PROVIDE FOR EASY REMOVAL 


BT WILLIAM J. WILSON, M.D., NEW YORK, N. Y. 

From the New York City Hospital, Welfare Island, New York 

Because of tlie difficulty encountered in removing snugly fitting 
plaster casts, the following method of application has been devised. Casts 
applied in this manner are as comfortable as the usual circular cast and 
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retain all of its advantages. For the sake of clarity the description will be 
for a toe-to-knee cast, as shown in the accompanying illustrations. How- 
ever, this same principle may be applied to other casts. 

An ordinary rubber automobile fan belt may be secured from any 
automobile supply or hardware .store. The loop is cut so that the fan 
belt becomes a long strip, a cross-section of which is shown in Figure 11. 
The strip is rubbed with paraffin to prevent its sticking to the cast when 
used. 

The foot and leg are first enclosed in stockinette or wrapped with sheet 
cotton. A strip of piano felt two inches wide and long enough to extend 
entirely through the cast is laid along the anterior surface of the foot and 
leg. On top of this the rubber strip is laid, with its widest surface in 
contact with the felt (Figs. 1 and 2). Two strips of plaster bandage are 
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placed on either side of the rubber strip, covering the felt strip, to restore a 
smooth rounded contour (Figs. 3 and 4). Over this a circular cast is 
applied in the usual manner (Figs. 5 and 6). The cast is trimmed and 
finished as desired (Fig. 8), and the rubber strip pulled out as soon as the 
plaster has set, but while it is still wet. One hand placed over the instep 
while the strip is pulled with the other eliminates any danger of breaking 
the cast. 

The finished cast is a circular one with a grooved inner surface ex- 
tending through it. The margins of the groove are amply padded and 
cause no discomfort whatsoever to the patient. This cast is easily re- 
moved as the groove readily admits the lower jaw of a conventional cast 
cutter, as shown in Figure 10. The cast is then opened vdth a cast 
spreader and removed. 

This method of application also provides a safe method of splitting 
and spreading a portion of the cast Avhen unexpected or postoperative 
swelling of the part occurs (Fig. 7). The underlying groove keeps the 
knife or saw from contact with the skin. 

Certain modifications of this method can be made to suit the in- 
dividual, such as substitution of two or three thicknesses of narrow sheet 
cotton for the felt. This is adequate in cases where weight is not borne 
on the part, but with walking iron casts the felt strip should be used or the 
rubber strip left in. In walking iron casts, this method of application is 
especially useful as the extra plaster necessary to fix the walking iron 
usually makes the cast more difficult to remove, but in this type of cast 
all the plaster is easily cut at the same time. 

This method has been used on quite a few patients at the New York 
City Hospital with very satisfactory results. Only a few minutes more 
are required for application and the extra time is amply repaid by the 
ease and rapidity with which the cast is removed. A walking iron cast of 
this type has been removed in a little less than three minutes. 

The cast retains all the strength of a conventional circular cast. It 
has the advantage of greater strength and more complete immobilization 
than casts routinely split over a tin strip, without the danger of having 
the knife leave the tin strip and cut the patient. The rubber strip, which 
is removed each time, may be used in the application of any number of 
casts. 
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VITTORIO PUTTI 

March 1, 1880 — November 1, 1940 

'\''ittorio Putti was Professor in the University of Bologna, Surgeon-in-Chief of the 
Istituto Ortopedico Rizzoli, a founder of the Society Internationale de Chirurgie Ortho- 
pddique et Traumatologie and Pi'esident of its 1936 Congress, Honorary Member of the 
British Orthopaedic Association, the American Orthopaedic Association, Corresponding 
Member of the American Academy of Orthopaedic Surgeons, and many other national 
organizations. He was a bibliographer, medical historian, orthopaedic investigator, and 
teacher of surgeons. He had been a Foreign Editor of The Journal of Bone and Joint 
Surgery since January 1928. 

Bologna was a Roman city. The Cathedral of San Pietro e San Paolo, built in part 
from the Roman remains, was erected in the fourth century. The city has long been a 
seat of learning, and legends attribute the founding of the famous University of Bologna 
to TJieodosius the Great in 425 A. D. Among the students of this University were Dante 
(1265-1321), Petrarch (1304-1374), and Luigi Galvani (1737-1798), the discoverer of 
galvinism. One of the most famous professors was the anatomist Marcello Malpighi 
(1628-1694). In 1262 the students of the University were said to number nearly 10,000. 
The student population has decreased, but the Medical School of the University is still 
outstanding. 

The Istituto Ortopedico Rizzoli is situated on a hill on the outskirts of this fascinating 
old city and occupies the picturesque buildings of a Benedictine Monastery known as 
San Michele in Bosco. The early years of this institute for crippled children were not 
noteworthy, until Alessandro Codivilla, modest and skillful master, became its Director 
and Surgeon-in-Chief. This great general surgeon, after excelling in the surgery of the 
gastro-intestinal tract and the brain, devoted his talents to orthopaedic surgery, and the 
“Istituto” became world-famous. Codivilla made original and important contributions 
to the surgery of fractures and the methods of tendon transplantation, and to the de- 
velopment and standing of the specialty. 

At his death in 1912 Codivilla was succeeded by Vittorio Putti, the son of a well- 
known surgeon who was for many years Professor of Surgery in the University of Bologna. 
Putti had first become identified with the Istituto Ortopedico Rizzoli in 1903 when Codi- 
villa had appointed him as an assistant. Following two years of study in European 
clinics, he returned to the institution in 1909 as Vice-Director, and in 1914 became 
Director and Surgeon-in-Chief of the Istituto. He was also Professor of Orthopaedic 
Surgery at the University of Bologna. 

In 1922 he opened the country branch which provided for the care of 100 cases of 
surgical tuberculosis, and as Director of this hospital (Istituto dio terapico Codivilla di 
Cortina d’Ampezzo) in the Dolomites he found frequent escape from his overstrenuous 
city life. 

A brilliant student, a wide reader, an able administrator, a resourceful and skillful 
surgeon with a mechanical bent, he enhanced the reputation of the Istituto Rizzoli, and 
like Codivilla, made lasting contributions to the history of medicine and to the technique 
of orthopaedic surgeiy. 

In addition to being a tireless and e.xacting trainer of j'oung surgeon.^, he encouraged 
his associates to become familiar with the history of medicine and the contributory 
sciences, to strive for exactitude in thought and action, and to appreciate beauty not 
onl 3 ^ of art and nature but of character. His sanctum sanctorum, wliich he shared witli 
his helpers, was the librar 3 ’ (La Biblioteca Umberto I). On the walls of thi.'; dignified 
room are the same beautiful frescoes, executed b 3 ’ Canuti, that had given jo 3 ' to the 
monks, and on its shelves are books and manuscripts covering a period of over 400 
3 "ears. 
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By his numerous original contributions he became an international leader, a pioneer 
and an authority on bone and joint surgery, especially on congenital dislocation of the 
hip, its preluxation stage and its automatic reduction by the divaricatore, arthritis, 
arthroplasty, "sciatica”, the forcible manipulation of adult club feet, the open treatment 
of fractures and the use of skeletal traction and metal fixation, the equalization of leg 
lengths by bone lengthening, spinal anomalies, cineplastic amputations and artificial 
limbs, and the surgical treatment of the residual effects of poliomyelitis. He published 
many monographs, not only on stiictly medical and surgical subjects, but also on non- 
medical subjects, as well as translations of old medical works. His large quarto, “Beren- 
gario da Carpi” published in 1937, represents not only a profound and extensive piece of 
research, but the best biographical study of this great surgeon and anatomist who ant^ 
dates Vesalius. This work alone places him among the great medical historians. His 
latest volume, published in 1940, is entitled “Cura operatoria delle fratture del collo del 
femore”. 

He was active in organizing La Chirurgia degli Organi di Movimento which was first 
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published in 1917. He continued as the editor of this outstanding medical journal until 
his death. 

He was an accomplished linguist and lectured by invitation in practicallj" eveiy 
country, including the United States, England, France, Germany, and Russia. He 
visited England and America often and loved them both. He was a guest of the Ameri- 
can Orthopaedic Association at its Boston Meeting in 1921, and delivered later the Lane 
Lectures in California. He was the guest speaker at the Congress of the American 
College of Surgeons held in Boston in 1934 and in Chicago in 1937. 

His titles were too numerous to mention for he was a corresponding, honoraiy, or 
active member of most of the orthopaedic societies of the world. His honors included 
civilian, medical, surgical, militarj', and academic recognition. He received from the 
King the title of Grand Officiali of the Crown of Italy. 

Putti enjoyed the friendship of a host of physicians and surgeons throughout the 
world and was an inspiration to them. Those who knew him well discovered a depth of 
feeling and a capacity for friendship which were the true attributes of his character. 
After the death of his professional ideal. Sir Robert Jones, he wrote the following letter in 
English to an American colleague. Its exquisite diction suggests a faith and an affection 
which are almost j'eJigious in nature. 

“Dear 

The death of our unforgettable Sir Robert has made me think a great deal about 
you in these days. It is a great friend who has left us, and I think that all of us who 
loved him feel the need of uniting together in his memory. 

Let our friendship find in his memory strength of faith and reason of comfort. 

Do not forget me and believe me 

Affectionately yours, 

Putti” 

Vittorio Putti will rank among the great orthopaedic surgeons of all time — great in 
heart as well as in mind and hand. 
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1878-1940 

The death of Reginald Cheyne Elmslie, on July 24, 1940, at the age of sixty-two 
years, has robbed British orthopaedic surgery of one of its stoutest champions. The son 
of Captain J. A. Elmslie, R.N.R., he was, through his great-grandfather. Dr. John 
Cheyne, descended from three successive John Cheynes, all of whom practised surgery in 
Edinburgh. 

At the age of seventeen, Elmslie entered St. Bartholomew’s Hospital where he ob- 
tained a number of scholarships and qualified with the Conjoint diploma in 1901. In 
1904 he was awarded the Gold Medal in the examination for the Mastership of Surgery 
and also became a Fellow of the Royal College of Surgeons. In the following year, 
when he was awarded the Jacksonian prize of the College for his essay on “The Pathology 
and Treatment of Deformities of the Long Bones due to Disease occurring during and 
after Adolescence”, it was already clear in which direction his tastes laj\ Then came a 
number of increasingly responsible appointments, but one of them, generally regarded as 
nothing more than a stepping-stone, left a permanent mark on his intellect. For five 
years Elmslie held a demonstratonship of pathology at St. Bartholomew’s Hospital; and 
in later life he never lost his interest in the pathology of crippling conditions, to vrhich 
subject he made a number of valuable contributions. 

He was the first man in England seriously to apply clinical pathology to orthopaedics 
and one of the few orthopaedic surgeons who regarded a microscope as an essential part of 
his equipment. He was appointed to the staffs of the Metropolitan Hospital and the 
Royal National Orthopaedic Hospital. In 1912, he became Surgeon-in-Charge of the 
Orthopaedic Department at St. Bartholomew’s Hospital, where he was the first member 
of the staff to devote himself exclusive^' to the practice of orthopaedic surgery. It was 
no easy task for him to build up a department in a hospital as conservative as it was 
venerable — indeed it was not until he had been there for many years that he obtained an 
operating theatre of his own — and he rvas never given satisfactory accommodations for 
in-patients or for a massage department. However, patients came to the new depart- 
ment in numbers, and his teaching quickly attracted many eager pupils. As surgeon to 
the Orthopaedic Hospital he spared no effort to bring about the transition from the 
“brace-and-tenotomy” orthopaedics of the last centurj’^ to the comprehensive science 
into which this great branch of medicine has now grown. 

A catalog of Elmslie’s many other offices is a necessary preliminary to an apprecia- 
tion of his character. In 1905 he ivas appointed the first inspector of crippled children 
in the enormous area controlled by the London County Council; he was a pioneer in this 
invaluable preventive and therapeutic work. After the war of 1914-1918 he presented a 
comprehensive and scholarly report, at that time unique, on the prevention and treat- 
ment of crippling diseases in children, which ultimately formed the basis for the legisla- 
tive reforms that led to the establishment of orthopaedic schemes throughout the coun- 
try. He was one of the founders and a most active member of the Central Council for 
the Care of Cripples, and in 1938 became Chairman of its Executive Committee. At the 
Fourth World Conference of Workers for Cripples held in London in July 1939, he read a 
remarkable paper, showing how the organization of orthopaedic work had led slowly but 
surely to a striking decrease in the incidence of severe crippling in Great Britain. Elms- 
lie was instrumental in obtaining the Charter for the Society of Massage and Medical 
Gj'mnastics, of rvhich he was Chairman from 1929 to 1935. During the last war he was 
chiefly responsible for making the Military Orthopaedic Hospital at Shepherds’ Bush into 
a world-famous center for the treatment of wmr injuries; he was also surgeon to tbe Ten- 
sions’ Hospital at Roehampton, and was later appointed Consulting Surgeon to the Mm- 
istr}^ of Pensions. He served as the only medical member of the Royal Commission o 
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Workmen’s Compensation. Elmslie was one of the little band that gatliered around 
Sir Robert Jones when the British Orthopaedic Association was founded, and in due 
course he was elected President. From 1933 until his death he served on the Council of 
the Roj'al College of Surgeons, an honor accorded to few orthopaedic surgeon^. 

This list, from which several important appointments have been omitted, .serves to 
show the remarkable range of the man’s interests, — they were the interests of a scholar 
with an active and receptive mind and an unusual capacity for analyzing all that wide 
e.xperience and unceasing study had stored in an e.xceptionally retentive niemorj-. 
Elmslie might justly be called an authority; his judgment was superb and lii^ opinion- al- 
most invariably sound. In the course of one busy morning he lia- been known to di-cu— 
a wide variety of subjects, each topic neatly summarized, old ideas pre.-entcd in a new 
light, with every observation revealing how carefully he had tliouglit over tlie pniblem. 
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Yet he was not dogmatic. When dealing with colleagues or an opponent in debate he 
could be, and often was, devastatingly direct and uncompromising; but with any man 
who showed keen interest in a subject or brought out something new, he was instantly 
sympathetic and ready to listen, and generous in his acknowledgment of whatever was 
good. 

Few British surgeons since Lister have founded schools in the sense of leaving after 
them a considerable body of disciples of their own training. In the orthopaedic world 
there have been two notable exceptions, Robert Jones and Elmslie. An astonishing num- 
ber of his pupils are now orthopaedic surgeons, and the influence of his teaching has per- 
meated nearly every center in the south of England. He was at his best when teaching 
in “out-patients at Bart’s”. He would select a few cases for demonstration, sometimes 
new patients, and examine each methodically and quickly. When a diagnosis had been 
made he would offer a neat exposition of the condition and perhaps a few words about 
its treatment, illustrated by little drawings on the blackboard. It was the simplicity of 
this teaching that made the subject so attractive and stripped it of that aura of mysterj' 
that for too long had marked orthopaedic surgery as something beyond the ken of the 
undergraduate. The same simplicity characterized Elmslie’s operating. He knew what 
he was doing, and what was even more important, he knew why he was doing it. The 
facility and gentleness that marked his work gave an impression of ease that was decep- 
tive. 

As a pioneer, Elmslie was known best perhaps to those concerned with the social 
aspect of orthopaedic surgery and massage. On the purely surgical side his vision was 
too wide and his poise too balanced for the pursuit of pet enthusiasms — he saw too iviany 
panaceas die in infancy — and he scorned fashions and novelties in his specialty. Never- 
theless he substantially advanced the subject by a number of valuable original contribu- 
tions; he unravelled the varieties of coxa vara at a time when hardly anything was known 
about this deformity; he brought order out of the pathological chaos that went by the 
name of fibrocystic disease of bone. In many other conditions he was especially inter- 
ested, and yet his numerous writings hardly do him justice because they were in no way 
commensurate with his knowledge. Several excellent operations bear his name, but only 
among those who knew him for he never published descriptions of them. 

At this close range Elmslie’s character is a little difficult to assess. The accompany- 
ing photograph, a good one taken late in life, suggests an aloofness that might be almost 
forbidding. Aloof he was ; he lived simply ; he loved his work ; he cared nothing for popu- 
larity, and he scorned publicity. He was warm in his friendship, a friendship enjoyed 
by an ever-widening circle of colleagues and disciples. His conversation ranged over a 
host of topics and rarely ended without a little story which always began with “I’ll tell 
3mu something . . and never contained a sting. Elmslie was transparently honest; 
his opinion was uninfluenced by personal considerations; his views about public affairs m 
relation to orthopaedic surgery were dictated by one ultimate aim — the prevention and 
the relief of crippling. His advice to a younger man was based solely on what he thought 
best for him in relation to his ability and his circumstances. This solid reliability, known 
only to those who took the trouble to discover it, was his greatest quality, and his friends 
feel acutety the loss of a man whose rectitude was warmed by a kindly humanity that 
inspired loyalty and affection in those who worked with him. 

It was inevitable that a surgeon so passionately devoted to the advancement of 
orthopaedic surgery, particular^ in its institutional and social aspects, should meet with 
manj' disappointments. Some of his plans, -well and truly laid, never matured, or did so 
only after almost endless setbacks, and yet he never became cynical. Even when ill 
health made the day’s work increasingly burdensome, he continued his way patiently 
without neglecting any task to which he had set his hand. Had it not been for his in- 
creasing weakness of body, he would have played a decisive part in the reorganization of 
medical services so urgently demanded by the war. To be barred from this was perhaps 
his greatest disappointment, for he was above all things anxious to serve his country. 
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Note: The growth of a new department of medicine or surgery does not take place 
according to regular methods of expansion, but is often determined by the influence of 
personal contacts and centered about the efforts of individuals located in various sections 
of the country. This results in an irregular distribution which is not recognized until a 
study of the situation is made. Such a surve 3 ' indicates the geographical needs for further 
development of equipment and particularly of personnel. This report is given for those 
who maj^ have special use for this information . — The Editor. 


To the Editor: 

For a long time I have thought that residents finishing their formal course in ortho- 
paedic surgery should have some guidance in the selection of a place to practice their 
profession. I am, therefore, submitting some ideas which jmu may see fit to publish in 
The Journal of Bone and Joint Surgery. 

How manj' people are necessary to support an orthopaedic surgeon in the United 
States? 

The Secretary of the American Board of Orthopaedic Surgery estimates that thej’' 
have certified about half the orthopaedic surgeons, which would give an estimated total 
of 1200 orthopaedic surgeons. So then in continental United States (census of 1940) 
there would be one orthopaedic surgeon to every 110,000 people. 

How are these specialists distributed among the states? 

Below are the states arranged according to persons per orthopaedic suigeon (000 
omitted). 


District of Columbia. 

. 47 

North Dakota 

.. 106 

Iowa 

.. 180 

Maryland 

, 56 

General Average. . . 

.. no 

Hawaii 

.. 184 

Washington 

. 57 

Wisconsin 

.. Ill 

Florida 

.. 187 

New York 

63 

Illinois 

.. 115 

Indiana 

.. 190 

Delaware 

66 

Rhode Island 

.. 118 

South Carolina . . . 

.. 190 

California 

67 

Virginia 

. . 120 

Maine 

. . 210 

Nebraska 

73 

Tennessee 

.. 121 

Kansas 

. . 225 

Massachusetts 

74 

Arizona 

.. 124 

New Hampshire. . 

. . 245 

Ohio 

84 

Michigan 

. . 125 

North Carolina . . . 

. . 2.55 

Minnesota 

85 

New Jerse 3 ’^ 

130 

Idaho 

.. 260 

Montana 

90 

Oklahoma 

130 

Texas 

.. 288 

Oregon 

90 

West Virginia 

. . 135 

South Dakota .... 

.. 320 

Utah 

91 

Pennsylvania 

.. 137 

Alabama 

. . 470 

Connecticut 

95 

Louisiana 

.. 168 

Kentucky 

.. 473 

Colorado 

98 

Georgia 

.. 173 

Arkansas 

.. 488 

Missouri 

105 

Vermont 

.. 174 

Mississippi 

. . 1090 


There are no orthopaedic surgeons in Nevada, New Me.xico, and M j’oming listed in 
the American Medical Director^'. 

Thus we see a vast difference in the distribution of orthopaedic surgeons, 
should there be such a wide disproportion in distribution? 

Several factors may contribute and each stateshould be invest igated by the prospec- 
tive practitioner. The following possible causes should be pointed out: 

1. A disproportion in income between various areas. The states with tiie largest 
number of orthopaedic surgeons proportionall 3 ' have the highest incomes, and tho.-e with 
the fewest orthopaedic surgeons have the lowest. 
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2. Density of population plays a definite part. The states without an orthopaedic 
sui-geon have the fewest people per squai-e mile. Furthermore there are no cities of over 
30,000 in these states and only twenty-eight cities have a population of 2500 or more. 

3. The importance of a metropolitan center is of great moment. Arizona, with a 
population about as sparce as that of New Mexico, has two fair-sized cities, and supports 
three orthopaedic surgeons that I know of, one of whom uses a plane in reaching consulta- 
tions at outlying points. All cities of 250,000 or more are adequately supplied with 
orthopaedic surgeons. Five cities of over 100,000 (census of 1930) have no orthopaedic 
surgeons (Tampa, Florida; Cambridge, Lowell, and Somerville, Massachusetts; and 
Yonkers, New York). Of these only Tampa and Lowell can be considered remote from 
large cities. Half of the cities with populations between 50,000 and 100,000 have no resi- 
dent member of the American Orthopaedic Association or the American Academy of 
Orthopaedic Surgeons, or Diplomates of the American Board of Orthopaedic Surgery, 
and might prove fertile fields for younger men. It should be noted, however, that many 
of these cities are only suburbs of larger cities, and the work flows into the larger city. 
A citjr of 30,000, not in a metropolitan area, with a good back country, may form an ade- 
quate center for orthopaedic work. 

4. Closely related to the last factor is the character of hospital facilities. Many 
fine hospitals in the smaller cities, I find, are poorly equipped for orthopaedic surgery, 
and the nursing staffs are unfamiliar with our techniques. 

5. Climate undoubtedly influences the choice of some men. 

6. The presence of institutions — medical schools and clinics — is likely to draw 
men to communities that are intrinsically unimportant, such as Iowa City, Iowa, and 
Rochester, Minnesota. 

7. A study of the ratio between orthopaedic shrgeons and medical practitioners 
reveals a national average of 1:144. The number of general practitioners to each 
orthopaedic surgeon in individual states is as follows: 


Washington 

. . . 70 

West Virginia 

130 

North Carolina. . . . 

, .. 190 

Delaware 

. .. 81 

Oklahoma 

131 

Hawaii 

. .. 205 

Minnesota 

. . . 85 

South Carolina 

135 

Florida 

.. 207 

North Dakota. . . . 

. . . 85 

District of Columbia . 

138 

Idaho 

.. 213 

Montana 

87 

Oonnftct.iciit. 

139 


.. 221 

Maryland 

. . . 88 

Arizona 

140 

Indiana 

. . 226 

Utah 

.. . 94 

General Average 

lU 

Texas 

. . 242 

Nebraska 

.. . 95 

Michigan 

146 

Maine 

.. 246 

California 

... 109 

Missouri 

147 

Vermont 

.. 250 

Ohio 

. .. Ill 

Georgia 

153 

New Hampshire. . . 

.. 328 

Oregon 

... 114 

Rhode Island 

156 

Alabama 

. . 348 

Tennessee 

... 121 

Colorado 

160 

Kentucky 

.. 460 

New York 

... 122 

Kansas 

164 

Arkansas 

.. 462 

Wisconsin 

... 122 

New Jersey 

169 

Mississippi 

.. 747 


. 128 

TlHnois 

175 


.. 169 

Massachusetts 

... 129 

Pennsylvania 

183 

South Dakota 

.. 267 


There are no orthopaedic surgeons for Nevada, New Mexico, and Wyoming listed 
in the American Medical Directory. 

A high ratio combined with a large population per practitioner would indicate either 
a relatively poor population, a very healthy area, or one in which reference work was 
uncommon. One might check any specific area against a more established specialty such 
as ophthalmology or otolaryngologjn 

The young man should ask concerning the near future of any area. At present our 
institutions are training about eighty men a year capable of qualifying for the certificate 
of the American Board of Orthopaedic Surgery. The average age for beginning practice 
is thirty years. The average age of retirement or death is about sixty-four years. As- 
suming that there are no radical changes in birth, death, and immigration rates, in thirty 

THE JOURNAL OF BOXE AND JOINT SURGERY 



LETTER TO THE EDITOR 


195 


yecars this country will have a population in the neighborhood of 155,000,000. Assuming 
similar factors about orthopaedic surgeons, we shall have b}' 1970 about 2600 orthopaedic 
surgeons; or one to every 58,000 population, about twice as many as exist today. This 
would place the whole countiy in the overcrowded condition of California and the other 
states at the top of the list. 

With this as a prospect for the future, what other factors should be investigated? 

1. What is included in the subject of orthopaedic surgerj' by the men of the pro- 
posed communitj"? 

The limitation of orthopaedic surgery to deformities and disabling motor diseases, 
with the elimination of traumatic conditions, would cut the required orthopaedic surgeons 
to about 10 per cent, of the present number. The inclusion of traumatic surgery brings 
one into competition with general and industrial surgeons, and with man}' general prac- 
titioners. Pioneering in a smaller community remote from a metropolitan area is likely 
to be a Herculean task. 

2. One should consider the commercial geography of the location. A highway 
and railroad center would be better than a town just on the road. 

3. An investigation should be made of the group of orthopaedic surgeons in the 
particular community that one is interested in. Let us compare two saturated areas. 
Metropolitan Los Angeles and the San Francisco Bay area. There are about 50,000 
persons per orthopaedic surgeon in the former and 40,000 in the latter area. Breaking 
the orthopaedists into age groups one finds 40 per cent, of the San Francisco men are 
beyond fifty years of age while only about 20 per cent, of the Los Angeles group are that 
old. Nearly half the men in Los Angeles and less than 20 per cent, in the San Francisco 
area are under forty. Apparently San Francisco could stand some new blood sooner than 
Los Angeles, but neither area can stand any more orthopaedic surgeons at present. If 
none came for fifteen years conditions would tend to improve for all. If any community 
should suddenly exhibit a phenomenal growth, prospects might be radicall}' altered. 

The stud}' suggests that our national Associations should try to prevent the glutting 
of the market for the sake of cheap help, as occurred in the nursing profession a decade or 
more ago. 

The use of the directory of the American Board of Orthopaedic Surgery, the Ameri- 
can Medical Directory, the World Almanac, and a good road map will be of great help in 
making a satisfactory analysis of a given area. Finall}' a studious visit to the prospective 
area would be advisable. 

Steele F. Stewakt 

3780 Wilshire Boulevard 

Los Angeles, California 
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The Ninth Annual Convention of The American Academy of Orthopaedic 
Surgeons will be held in New Orleans, Louisiana, on January 13, 14, 15, and 16, 1941, 
under the presidency of Dr. Robert D. Schrock of Omaha. The headquarters will be 
the Hotel Roosevelt. 

On Monday morning, January 13, a clinical program will be presented at the 
Hutchinson Memorial Building, Tulane Medical School, by the local members of the 
Academy. 

The following scientific program has been arranged; 


Tuesday, January 14 


Moriiing Sessio7i 

Localized Fibrocystic Disease of Bone. 

Rufus H. Alldredge, M.D., New Orleans, Louisiana. 

Discussion; Walker E. Swift, M.D., New York, N. Y. 

Philip D. Wilson, M.D., New York, N. Y. 

Aseptic Necrosis and Bone Drilling. 

Ernst Bergmann, M.D., New York, N. Y. (By invitation.) 

Arthur Krida, M.D., New York, N. Y. 

Discussion; Frank N. Potts, M.D., Buffalo, New York. 

Operative Treatment of Legg-Perthes Disease. 

Paul B. Steele, M.D., Pittsburgh, Pennsylvania. 

Discussion; A. Bruce Gill, M.D., Philadelphia, Pennsylvania. 

M. Beckett Howorth, M.D., New York, N. Y. 

Charles W. Peabodj', M.D., Detroit, Michigan. 
Thrombophlebitis and Postphlebitic Oedema. 

Alton Ochsner, M.D., New Orleans, Louisiana. (By invitation.) 
Congenital Pseudarthrosis. 

Harold B. Boyd, M.D., Memphis, Tennessee. (By invitation.) 

Discussion; Paul C. Colonna, M.D., Oklahoma City, Oklahoma. 

Shelf Operation at the Hip; New Method. 

Edwin W. Ryerson, M.D., Chicago, Illinois. 

Discussion; Frank D. Dickson, M.D., Kansas Citj’-, Missouri. 

C. H. Crego, Jr., M.D., St. Louis, Missouri. 

An Evaluation of Physiotherapj' in Early Treatment of Anterior Poliomyelitis. 
H. R. McCarroll, M.D., St. Louis, Missouri. 

C. H. Crego, Jr., M.D., St. Louis, Missouri. 

Discussion; Oscar L. Miller, M.D., Charlotte, North Carolina. 

J. Albert Key, M.D., St. Louis, Missouri. 


Aflemoon Session 

Classification of Bone Tumors According to Radiosensitivity. 

Murraj' Copeland, M.D., Baltimore, Maryland. (By invitation.) 
Gradation of Ewing’s Tumors. 

Willis C. Campbell, M.D., Memphis, Tennessee. 

J. F. Hamilton, M.D., Memphis, Tennessee. 


Hemangioma of the Vertebra. 

R. K. Ghormley, M.D., Rochester, Minnesota. 

A. W. Adson, M.D., Rochester, Minnesota. 

Discussion of the above three papers; 

Robert D. Schrock, M.D., Omaha, Nebraska. 
Alan DeForest Smith, M.D., New York, N. Y. 
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End Results of 200 Cases of Suppurative Arthritis. 

John A. Heberling, M.D., Pittsburgh, Pennsylvania. 

Discussion: Jacob Kulowski, M.D., St. Joseph, Missouri. 

Carl E. Badgley, M.D., Ann Arbor, Michigan. 

The Use of Neoarsphenamine in the Treatment of Acute Osteomyelitis with Asso- 
ciated Staphylococcus Septicaemia: A Clinical and Experimental Study. 
Edward Le Cocq, M.D., Seattle, Washington. 

Discussion: A. R. Shands, Jr., M.D., Wilmington, Delaware. 


j\Iorning Session 


Wednesday, January 15 


An Accurate Method for the Estimation of the Expected Growth of the Femur and 
Tibia in Individual Children. 

Gerald G. Gill, M.D., San Francisco, California. (By invitation.) 

A Study of End Results in Bone-Lengthening. 

Beveridge H. Moore, M.D., Chicago, Illinois. 

Discussion of the above papers: 

LeRoy C. Abbott, M.D., San Francisco, California. 

J. Warren White, M.D., Greenville, South Carolina. 

The Timing of the Fracture-Healing Process: Its Influence on Choice and Applica- 
tion of Treatment Methods. 

Clay Ray Murray, M.D., New York, N. Y. 

Discussion: Melvin S. Henderson, M.D., Rochester, Minnesota. 

J. Albert Key, M.D., St. Louis, Missouri. 

Relationship of the Periosteum to the Repair of Bone. 

John R. Moore, M.D., Philadelphia, Pennsylvania. 

Dr. Steinbergh, Philadelphia, Pennsylvania. 

Discussion: Philip Lewin, M.D., Chicago, Illinois. 

Guy W. Leadbetter, M.D., Washington, D. C. 

The Fate of Fascia Lata in Knee-Joint Reconstruction: Histological Stud 3 \ 

E. T. Evans, M.D., Minneapolis, Minnesota. 

Discussion: Wallace H. Cole, M.D., St. Paul, Minnesota. 

Comparison of Stainless Steel and Vitallium as Material for Internal Fixation of 


Bone. 

J. Albert Kej^, M.D., St. Louis, Missouri. 

Discussion: Walter G. Stuck, M.D., San Antonio, Texas. 

Use of Vitallium Ferrule to Alleviate Lesions of the Head of the Radius. 
Kellogg Speed, M.D., Chicago, Illinois. 

Discussion: Harold R. Bohlman, M.D., Baltimore, Marjdand. 

M. N. Smith-Petersen, M.D., Boston, Massachusetts. 
Fracture of the Patella Treated by Removal of the Fragments: End Results. 
J. E. M. Thomson, M.D., Lincoln, Nebraska. 

Discussion: Edward Harlan Wilson, M.D., Columbus, Ohio. 

E. J. Berkheiser, M.D., Chicago, Illinois. 

Some Mechanical Derangements of the Knee. 

Allen F. Voshell, M.D., Baltimore, Marj'land. 

Otto C. Brantigan, M.D., Baltimore, Marj’land. 


Afternoon Session 

Organization for Evacuation and Treatment of Y ar Casualties. 

N. T. Kirk, M.D., Y'ashington, D. C. 

Discussion: Philip D. Wilson, M.D., New lork, X. 1. 
Harold R. Conn, M.D., Akron, Ohio. 

George E. Bennett, M.D., Baltimore, Man-land. 

President’s Address. 

Robert D. Schrock, M.D., Omaha, Nebraska. 
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Conservative and Operative Treatment of Fractures of the Carpal Scaphoid. 
K. 0. Haldeman, M.D., San Francisco, California. 

Ralph Soto-Hall, M.D., San Francisco, California. 

Discussion: E. P. Cave, M.D., Boston, Massachusetts. 

Use of Preserved Bone Grafts in Orthopaedic Surgery. 

Alberto Incldn, M.D., Havana, Cuba. 

Discussion; Fred H. Albee, M.D., New York, N. Y. 

Treatment of Calcified Tendinitis. 

Joseph E. Milgram, M.D., Brooklyn, New York. 

The Public Care of the Physically Handicapped. 

Fred H. Albee, M.D., New A^ork, N. Y. 


Thursday, January 16 


Morning Session 
The Rib Joints. 

Joel E. Goldthwait, M.D., Boston, Massachusetts. 

The Role of Curare in the Prevention of Fractures in Convulsive Metrazol and 
Insulin Shock Therapy. 

W. R. Hamsa, M.D., Omaha, Nebraska. 

Discussion; M. E. Pusitz, M.D., Topeka, Kansas. 

Edgar D. Oppenheimer, M.D., New York, N. Y. 
Experimental Studies in the Use of a “U” Clamp for Approximation and Fixation 
of Spinous Processes in Vertebral Fractures. 

Robert V. Funsten, M.D., Charlottesville, Virginia. 

Discussion: R. Nelson Hatt, M.D., Springfield, Massachusetts. 

Arthur G. Davis, M.D., Erie, Pennsylvania. 

Surger 3 f of the Intrinsic Muscles of the Hand Other than Those of Opposition of 
the Thumb. 

Sterling Bunnell, M.D., San Francisco, California. 

Discussion; Arthur Steindler, M.D., Iowa City, Iowa. 

A New Operation for Acromioclavicular Dislocation. 

E. B. Mumford, M.D., Indianapolis, Indiana. 

Executive Sessions will be held at noon on Tuesday and at eleven o’clock on 
Thursday. 


Dr. Hugh T. Jones announces the association with him of Dr. John R. Black. Their 
address is 909 Wilshire Medical Building, 1930 Wilshire Boulevard, Los Angeles, Cali- 
fornia. 

Dr. Philip I. Burack, formerly of Columbus, Ohio, is now located at 1085 Park 
Avenue, New York City. 

Dr. G. Mosser Taylor and his associate. Dr. Alonzo J. Neufeld, have moved their 
offices to 1216 Wilshire Boulevard, Los Angeles, California. 


The 1940 meeting of the Clinical Orthopaedic Society was held in Milwaukee, 
Wisconsin, on October 18, and in Madison, Wisconsin, on October 19. The newly elected 
officers of the Society are as follows; President, Dr. Fremont A. Chandler; Vice-President, 
Dr. Herman C. Schumm; Secretarj'^-Treasurer, Dr. Myron O. HenrJ^ The 1941 meeting 
will be held in Cleveland, Ohio. 

The Orthopaedic Forum held its Eleventh Annual Meeting in New Aork on 
October 24 and 25. The morning of the first daj' was spent at the Hospital for Joint 
Diseases and the afternoon at St. Luke’s Hospital. The next day was spent at the Moun- 
tainside Hospital in Montclair, New Jersey. The attendance at the meeting was 100 
per cent. 
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The Orthopaedic Guild held its Sixth Annual Meeting in Xew York City on 
November 1 and 2. The sessions were lield at the New York Post-Graduate Medical 
School and Hospital, and at the New York Orthopaedic Hospital. An interesting pro- 
gram was presented. 


The fourth meeting of the orthopaedic society previously knoum as the Orthopaedic 
Forum was held in Columbus, Ohio, on Friday, November 22, at the White Cross 
Hospital. A verj- interesting program was presented by the host orthopaedic surgeons. 

Because the name “Orthopaedic Forum” had been in use for some time by a larger 
and older organization, it was decided to change the name to the Tri-State Ortho- 
paedic Societj'. The next meeting will be held in April, 1941, in Fort Wajme, Indiana. 


The registered attendance at the Sixty-Ninth .Annual Meeting of the American 
Public Health .Association and meetings of related organizations held in Detroit the 
week of October 7 was 3, IS", second largest in the .Association’s history. Delegates came 
from everv' state in the Union, the District of Columbia, .Alaska, Hawaii. Puerto Rico, 
Canada, Cuba, Mexico, Denmark, China, and New Zealand. 

The officers elected for the year 1940-1941 are as follows : President, W. S. Leathers, 
M.D., Nashville, Tennessee: President-Elect, .John L. Rice, M.D., New York, N. Y.; 
Vice-Presidents, Robert D. Defries, M.D., Toronto, Canada, Charles Edward Finlay, 

M. D., Havana Cuba, and Selskar Gunn, New York, N. Y.; Treasurer, Louis I. Dublin, 
Ph.D., New York, N. Y.: Chairman of the Executive Board, -Abel WoLman, Dr.Eng., 
Baltimore, Marvland; and Executive Secretarj-, Reginald M. .Atwater, M.D., New York, 

N. Y. 

-A Committee on Public Health in the National Defense was appointed, with W. S. 
Leathers, M.D., Chairman. 

Among the resolutions passed was one emphasizing the necessity for maintaining 
ci%'ilian health as essential in national defense and pledging the united support of members 
to the national defense and to the maintenance of health in a free people. 

The Seventieth .Annual Meeting will be held in .Atlantic Citj-, New Jersey, in October, 
1941. 


The Mississippi V’alley Medical Societ>- offers annually a cash prize of SIOO.OO, 
a gold medal, and a certificate of award for the best unpublished essay on any subject of 
general medical interest and practical value to the general practitioner of medicine. 
Certificates of merit may also be granted to the physicians whose essays are rated second 
and third best. Contestants must be members of the .American Medical .Association 
and residents of the United States. The winner will be in\-ited to present his contribu- 
tion before the ne.xt annual meeting of the Mississippi Valley Medical Society at 
Cedar Rapids, Iowa, October 1, 2, and 3, 1941. The Society reserves the exclusive 
right to publish the essay first in its official publication— the Mississippi A'alley Medical 
Journal. Contributions should not exceed 5,000 words, should be tj-pewritten in English 
in manuscript form, submitted in five copies, and must be received not later than May 1, 
1941. Further details may be secured from Harold tjwanberg, AI.D., Secretary, AILs- 
sissippi Valley Medical Society, Quincy, Blinois. 
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Bone Graft Surgery in Disease, Injury, and Deformity'. By Fred H. Albee, M.D., 

LL.D., Sc.D., F.A.C.S., F.I.C.S,, assisted by Alexander Kushher, M.D., B.Sc. 

New York, D. Appleton-Century Co., Inc., 1940. S7.50. 

This book is such a valuable addition to the bookshelf of any orthopaedic surgeon, 
that he cannot afford to be without it. The volume is readable and the author’s argu- 
ments in support of his technique are clear. There are approximately 400 pages, covering 
the general principles of bone-grafting in nine chapters, and, in addition, an index of 
authors and subjects. It is the type of book that does not lend itself well to a critical 
review and must be read to be appreciated. 

The author states, “There are incorporated those procedures which have stood the 
test of time: namelj', those which I have used m 3 '’self and those which I have not elected 
to use myself but have included because of their emploj'ment by experienced surgeons of 
mature judgment.” 

Dr. Albee, like all pioneers, is chiefly concerned with proving that a certain procedure 
is possible. After all, this is as it should be; those who follow the pioneers’ methods 
and techniques ultimately establish or disprove their worth. However, after reading 
the book, one feels that the author, who has had such a vast experience, should have in- 
cluded another chapter (a short summary, so to speak) which would have dealt with 
the dangers and pitfalls in bone-graft surgerj’-. It is true that these are mentioned in 
the text under various headings, but if they had been assembled concisely under one head, 
it would have been a distinct addition to the book. 

The chapter on the general principles of bone-grafting is excellent and the chapter 
on armamentarium is exceedingly interesting. Few surgeons would have the patience 
and ingenuity to carry out the many complicated cabinet-making types of procedure^ for 
the use of the graft which the author advocates. In discussing the source of the bone for 
spine fusion, the author claims that, and gives reasons why, the tibia is the source of 
choice. The author advances the theory that the bone graft in spine fusion probablj’^ has 
a far-reaching effect beyond the mere immobilization, because of the linking up of the 
circulation of the cancellous tissue in each affected vertebra with that of its neighbor and, 
through the graft, with that of the healthy vertebrae adjoining the affected area. 

The chapter on spine fusion is replete with suggestions of technique original with 
the author, but he has also included in this chapter the techniques of Hibbs and Girdle- 
stone. His arguments for the use of the bone graft in tuberculosis and scoliosis are far 
more convincing than those for its use in fractures of the spine. 

In fractures of the neck of the femur. Dr. Albee recommends the bone graft for 
selected cases of fresh fractures, and for all cases of ununited fractures where the capital 
fragment is of sufficient length to receive it favorabty. Some might take exception to 
the unqualified statement that it is absolutelj’' essential to open all ununited fractures of 
the neck of the femur and remove the tissue from between the bone fragments. There 
have alreadj' been several series of carefully recorded cases by other surgeons on the 
use of the bone graft bj^ extra-articular osteosynthetic methods wherein the joint is not 
opened, and their results compare favorablj’- with those of others using the open method. 

The author goes into considerable detail concerning his reconstruction operation 
for ununited fracture of the neck of the femur, where the non-union has been of long dura- 
tion and accompanied bj^ much erosion of the capital fragment. This reconstruction 
operation consists of removing the head of the femur, as in the Whitman procedure, 
but in addition Dr. Albee provides a bone lever which should be about four inches 
long, and should protrude laterally, so that the short trochanteric muscles are left intact 
on the trochanter or proximal end of the lever. 

That portion of the book devoted to ununited fractures treated by the aid of t e 
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tions, considerations of diagnosis, guides for procedures, and details of techniques which 
have been employed or described by surgeons of large experience are given special 
attention. 

Tire scope of the subjects allows an inclusive list of practically all the conditions which 
come under the care of the orthopaedic and traumatic surgeon. The book is a definite 
addition to the group of Year Books and the demand for it will certainly ensure its per- 
manency. 


Surgery of the Hand. R. M. Handfield-Jones, M.C., M.S., P.R.C.S. Baltimore, 
The Wdliams & Wilkins Co., 1940. $4.50. 

This book of 140 pages is dedicated to Allen B. Kanavel and to the Casualty House 
Surgeons, past, present, and future, of St. Mary’s Hospital, London. The writer is a 
great admirer of Kanavel and his works. He feels, however, that Kanavel’s book has 
confused the general practitioner by mixing too much experimental work with the 
clinical. Handfield-Jones has tried to simplify the subject as much as possible. Great 
stress has been laid on exact diagnosis, a careful study of the anatomy of the part, and 
on the principles of treatment. 

His general principles of treatment are worth noting: 

“1. Never make an incision until the presence of pus is certain. 

2. Never make an incision until its exact situation is known. 

3. Always operate under full anaesthesia. 

4. Always use an air-compression tourniquet. 

5. Never make an incision on the dorsum until every other possible site of pus has 
been eliminated. 

6. Always use soft rubber tissue for drainage, never a tube. 

7. After forty-eight to seventy-two hours change from hot fomentations to paraffin 
and flavine dressings. 

8. Concentrate upon retention or restoration of full movements. 

9. Encourage patient to make movements the hobby of convalescence. 

10. When lymphangitis or tenosynovitis is diagnosed, immediately use sulphonamide 
without waiting for a bacteriological report.” 

Nmety-five excellent illustrations add to the value of the volume. 


Korperliche Missbildungen (Skeletal Anomalies). Dr. Hellmut Eckhardt. [Hand- 
buch der Erkrankheiten, Band VI, von A. Giitt.] Leipzig, George Thieme, 1940. 
24 marks. 

This monograph constitutes the second portion of Volume 6 of the Handbook of 
Hereditary Diseases, published under the editorship of Dr. A. Gutt. The author, in 
his introductoiy remarks, notes that where formerly the function of the phj^sician was 
the care of the individual patient, his present purpose is the improvement of the health 
of the German people, in accordance with the methods of the National Socialist State. 

However, it should not be presumed that the volume contains any therapeutic 
suggestions. Throughout the volume the author is absorbed in discussing his topics 
purely with the object of demonstrating the hereditary nature of a number of different 
conditions. This is not carried out in any critical manner, but mainly by reference to 
other authors who seem to confirm the theory of inheritance. Where other explanations, 
such as endocrine imbalance, may be the etiological factor, the author implies that this 
imbalance is in truth of hereditary origin, and so the matter is again settled. A feu 
typical genealogical charts with circles in black and white complete the proof. What 
discussion of the mechanism of the inheritance there is, is presented sketchily^ and by 
implication. 

Apart from this, the monograph presents the subject of dyschondroplasias, osteo- 
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tlic hyndiomc of (Ik' mo'-odei m:d dj'stiopliic'', anomidics of the verte- 
bral column, iiand'. and feet, coiiKcmlal di-Iocadon of the hips club-foot, liare-hp, etc., 
in a jiIca-'iiiK and ea'-ily i cadabli' niannei ’I'lie pencial fcatui cs of the various conditions 
arc dc'-crilied in bioad Rcncial teiiu'', •-o tliat (he lelatioii'-liip l)ct\\ccn many obscure 
condition'- i-- moic I'a'-ily conipiclicndi'd. N'o (heiai)cutic indications of an}’ kind are 
pivon. 'I he n-fcrcncc-- for (lie di'-cU'-'-ion of o.ich condition aie appended at the end of 
(he volume 


.\itniuni'-.vM) .\i.ui.i) CoMinioN-. Hemaid I. Comioc, M.D., F.A.C.P. Phila- 

dcljihia, i.ea A I'clnpcr, 10 10. ."lO 

'I h(' book I-- excellent, conci'-e, carefully edited, and .'■implc. It is designed not only 
for (he general pr.ict it inner, but for the '-peciab'-t ^\ho can U'-e it as an authoritative 
textbook. It ( over^ all the a'-pects of (he arthritic pioblcm, and has an excellent leference 
.s} stem, b'e-ed on an exten--ive .'•tiid} of the Iitciaturc, w Inch is of groat service for further 
.study. 

.\rthritis Is a difhcult subject to handle, and Dr. Comroe has handled such contro- 
versial sul)j(.(-(., as classification, (he sipinficancc of the sedimentation late, and the 
difTcrcntial diagnosis ni a clear, jiiactical wax by giving the best that is knovn at the 
prc'cnt time. The sfiort summary tables, conspicuously outlined, are excellent. Al- 
though the statements are didactic, (hey serxe a purpose and aie piactical, containing 
(he ui>-(o-datc facts. 

Such chapters as Cliajitei Pour on Ktiology and Chapter Seven on Geneial Treat- 
ment arc good. Dvery physician uould do uell to read and absorb these geneial ideas 
of treatment. Chajitcr Eight on Diet deals the air considerably about this much disputed 
•subject. In Chaiitcr Nine the advice about infection is sound, and the evaluation is 
imiiortant. 

Orthopaedic Care of lUieuniatoid Arthritis gives the geneial practitioner a practical 
working basis, and a picture of w hat to do and w hat to keep in mind. The point of view 
taken about the treatments by lontophoiosis, x-accines, sulphui, gold, and other drugs 
are of real value. 'I'hcre arc chapters on gout, backache, bursitis, sciatica, gonorrhoea, 
fibrositis, even flat feet and tumors, all of « Inch, though not arthritis, confuse the picture 
and make diagnosis difhcult. 

The book is well wi ittcn, casih icad, and well put together. It is primaiily a te.xt- 
book and a compilation. Tlie purpose of the book, m trying to evaluate piactical methods 
of treatment from the enormous amount of literature which has been wiitten of late, is 
well carried out. The author has succeeded in eliminating himself from the book and 
writes impersonally as a collector and critic The illustiations aie well chosen. The 
book sliould serve a very u'^eful puipose, and it is well worth owning. 


FnxcTunEs axd Dislocxtioxs for Practitioners. Edwin O. Geckeler, M.D. Ed. 2. 

Baltimore, The Williams & Wilkins Co., 1940 S4.00. 

This book is a second revised edition of the foolpioof procedures for practitioners 
winch appeared thiee yeais ago. In its 307 pages, theie are 267 figures, including 131 
roentgenogiams. There is described at least one lehable method of treatment for each 
fractuie oi dislocation that a practitioner is apt to meet in any busy accident service. 
Special emphasis has been placed on the use of skeletal traction and the treatment of 
compound fractures. The value of follow-up treatment is discussed. 

Since the appeal ance of the fiist edition three years ago, there has been considerable 
progress in traumatic surgery due to a number of factors, among xxhich are the ex’er-in- 
creasing number of automobile accidents, and the expansion of industrial accident 
clinics. The new edition has taken note of these changes, enlarging certain subjects to 
keep abreast of the latest advances, and adding a total of seventy photographs and 
roentgenograms. Adequate references to aiticles and books are listed at the conclusion 
of each subject. 
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tions, considerations of diagnosis, guides for procedures, and details of techniques which 
have been employed or described by surgeons of large experience are given special 
attention. 

The scope of the subjects allows an inclusive list of practically all the conditions which 
come under the care of the orthopaedic and traumatic surgeon. The book is a definite 
addition to the group of Year Books and the demand for it will certainly ensure its per- 
manency. 


Surgery of the Hand. R. M. Handfield-Jones, M.C., M.S., F.R.C.S. Baltimore, 
The Williams & Wilkins Co., 1940. S4.50. 

This book of 140 pages is dedicated to Allen B. Kanavel and to the Casualty House 
Surgeons, past, present, and future, of St. Mary’s Hospital, London. The writer is a 
great admirer of Kanavel and his works. He feels, however, that Kanavel’s book has 
confused the general practitioner by mixing too much experimental work with the 
clinical. Handfield-Jones has tried to simplify the subject as much as possible. Great 
stress has been laid on exact diagnosis, a careful study of the anatomy of the part, and 
on the principles of treatment. 

His general principles of treatment are worth noting: 

“1. Never make an incision until the presence of pus is certain. 

2. Never make an incision until its exact situation is known. 

3. Always operate under full anaesthesia. 

4. Always use an air-compression tourniquet. 

5. Never make an incision on the dorsum until every other possible site of pus has 
been eliminated. 

6. Always use soft rubber tissue for drainage, never a tube. 

7. After forty-eight to seventy-two hours change from hot fomentations to paraffin 
and flavine dressings. 

8. Concentrate upon retention or restoration of full movements. 

9. Encourage patient to make movements the hobby of convalescence. 

10. When lymphangitis or tenosynovitis is diagnosed, immediately use sulphonamide 
without waiting for a bacteriological report.” 

Ninety-five excellent illustrations add to the value of the volume. 


Korperliche Missbildungen (Skeletal Anomalies). Dr. Hellmut Eckhardt. [Hand- 
buch der Erkrankheiten, Band VI, von A. Giitt.] Leipzig, George Thieme, 1940. 
24 marks. 

This monograph constitutes the second portion of Volume 6 of the Handbook of 
Hereditary Diseases, published under the editorship of Dr. A. Giitt. The author, in 
his introductorj^ remarks, notes that where formerly the function of the physician was 
the care of the individual patient, his present purpose is the improvement of the health 
of the German people, in accordance with the methods of the National Socialist State. 

However, it should not be presumed that the volume contains any therapeutic 
suggestions. Throughout the volume the author is absorbed in discussing his topics 
purely with the object of demonstrating the hereditar 3 '- nature of a number of different 
conditions. This is not carried out in any critical manner, but mainly bj" reference to 
other authors who seem to confirm the theorj"^ of inheritance. Vdiere other explanations, 
such as endocrine imbalance, maj' be the etiological factor, the author implies that this 
imbalance is in truth of hereditaiy origin, and so the matter is again settled. A few 
typical genealogical charts with circles in black and white complete the proof. What 
discussion of the mechanism of the inheritance there is, is presented sketchily and by 

implication. _ 

Apart from this, the monograph presents the subject of dyschondroplasias, osieo- 
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Sonu' nillif'C i;uiic;il clumKc^ liavo boon in.-ulo wliicli pcHuips will not meet with 
(iiiivetMilemior.'-einenl. In ‘■jielliiiK, fliplithoiiKs have been eliminated, hyphenated words 
are indicafeda'- one wold, and (heleffer “h ”lia'. beenhiibsfiiuted for “e" in many words. 
Tlie^e, however, are nnimjjorfanl delaiK and do noi in any way detract from the value of 
tlie work. 

'I'lii'' book will be found heli)ful (o Iho^e who have oec.'i'-ion to look up medical terms 
with their jjronunie.'ition !ind denviifion, and aUo to those who are looking for informa- 
tion on ^onie of the medical ^ubjeet'-. 1) wdl be of value and interest to all practicing 
idiysieiaii'- and rurgeou'-, and almo'-t nidi''peiwable to libraries. 


.‘'ri'nn;s ox \s7io An;rMu;i.\ wn f'o\<.i;.viT.\L SunnuxATioN or the Hip Joint 

U’nii ,Sri:t'i.\i, l{i;iT;ni;xfr. to iiii; (’ompi.ic.^tio.x or O&TEOAnTunms. Gunnar 
^\’ibprg. Acta Chirutgica Scnudtnanca, LXXXIII, Supplementum LVIII, 1939. 
.‘'ubluxation of the hip is est-ablished as a permanent deformity which may be identi- 
fied in eliildren by the location of the capital os-cus center, d 3 'splasia of this center, and 
increase in the angle of inclination of the acetabulum. Arthrographj' with the injection 
of a rout last nu'ilium has pet nutted a moic accurate studj' of joint details. However, 
there is dinieult.v in est.abh-hing the tliagnosis of .subluxation in adults, and the writer 
offers a method based on the mcasureineut of an angle between a vertical line through the 
center of the head, and another hue through the center of the head and the lateral border 
of the acetabular roof. .An angle of le-s than 20 degrees indicates defective development. 

In following thirty-eight hip joints from childhood to seventeen years of age, the 
writer found five maldcvclopcd hips which became normal without treatment. Three 
hips which had originally been considered normal became defective. Nineteen sub- 
lii.vated hips were followed before and after the development of osteo-arthrosis, and sev- 
eral .«eric.s of roentgenograms arc rciiroduccd. Of the cases of osteo-arthrosis seen over a 
two-year period, one-fourth appealed to have been due originally to subluxation. 

In twenty-eight ca.scs of subluxation which had had shelf operations, one w'as unim- 
pro%'cd, six slightly improved, .sixteen considerably improved, and five cured. Two 
developed o«(co-arthrosis in spite of the operation . — Walter P. Blount, M.D., Milwaukee, 
Wiscorusin. 


KxPEUIAfEN'TELLE UnTEUSUCIIUNGE.V UBER DIE OSTEOGENESE UND DIE BIOCHEMIB DES 
FnACTuncALLU.s (E.xpcrimental Investigation of Osteogenesis and the Biochemistry 
of Callus). Svante Annersten. Ada Chirurgica Scandinavia, LXXXIV, Sup- 
plcmcntum LX, 1940. 

On the basis of the literature, animal experimentation, and clinical findings, the 
writer offers a detailed account of the causation of osteogenesis, and the chemistry and 
mechanism of ossification. He gives up hope of discovering the mechanism of the forma- 
tion of callus on the basis of morphology. He proves that bone can be formed in normal 
muscle by the injection of a non-specific, thermostable (up to 78 degrees centigrade) 
alcohol, ether, or benzol extract of normal bone. This suggests that in the formation of 
callus the osteogenctic substance as well as the calcium comes from local bone fragments. 

The local chemical process of ossification of callus is discussed in detail. In the first 
few days after the fracture, there is a rapid increase in the phosphorus content of the sur- 
rounding musculature. After about seven days the calcium content rises more rapidly 
than the phosphorus, until the calcium-to-phosphorus ratio of somew-hat more than 
twice that of adult bone is reached. The phosphorus content of blood plasma, unlike 
the calcium content, increases during callus formation. 

The increase of insoluble carbonate comes at a later stage of callus ossification. 
Inciease in bicarbonate appears early, perhaps with a beneficial local alkalizing ec . 
Hydrogen-ion determinations show that as callus ages, there is an appreciable increase in 
alkalinity. This alkalinity favors the deposition of tertiary calcium phosphate, and the 
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activity of phosphatase which is increased in amount in callus . — Walter P. Blount, M.D., 
Milwaukee, Wisconsin. 


Transitory Synovitis of the Hip Joint in Children. Solomon Rauch. Am. J. 

of Diseases of Children, LIX, 1245, June 1940. 

This condition is described as a non-specific, relatively transient inflammation of the 
synovial membrane of the hip joint of a child. The onset may be acute or insidious, and, 
clinically, there are symptoms of pain, limp, or umvdllingness to walk, and restriction of 
motion, especially in abduction, extension, and internal rotation. Laboratory evidence 
of infection, positive tuberculin reaction, and roentgenographic evidence of abnormality 
are all lacking. The treatment is conservative, and the prognosis for functional recovery 
excellent. Nearly all recover with two or more weeks in bed. 

The author goes thoroughly into the previous literature on the subject, as well as 
into multitudinous points of differential diagnosis. Forty conditions are listed resem- 
bling transitory synovitis of the hip joint, although tuberculous coxitis is given the most 
emphasis in the discussion. 

Thirty-seven case histories are presented in tabular form and various correlations 
made from the facts. The duration of the condition was from seven to sixty days, with 
an average of thirty-two days . — John D. Blair, M.D., Iowa City, Iowa. 


CoNDROJiixoosTEOSARCOMA dell’alluce (Chondromyxo-osteosarcoma of the Great 

Toe). Carlo Uggeri. Annali Italiani di Chirurgia. XIX, 21, 1940. 

A peasant, six-ty-seven years old, had noticed for about ten years a painless swelling 
of his left great toe. Three months before consulting the author a stone he was car.ying 
fell on the toe. The swelling increased and a blue discoloration around the nail remained. 
He had severe pain which did not subside. About two weeks after the accident an ulcera- 
tion developed. A disarticulation in the metatarsophalangeal joint was performed. 
The histological examination showed the interesting feature of a benign chondromyxoma 
together with some fresh spots of malignant sarcomatous degeneration within the same 
slide . — Joseph Wolf, M.D., Davenport, Iowa. 


Aneurisma cirsoide conseguente a TRAUMA (Cirsoid Aneuiysm Following Trauma). 

Carlo Uggeri. Annali Italiani di Chirurgia. XIX, 177, 1940. 

A case of racemose aneurysm of the left ring finger is described. A man, thirty-four 
years old, had noticed for twenty-four years that the left ring finger became blue when 
his hand hvmg down or was in cold water, and that the discoloration disappeared when 
the hand was elevated. He also noticed that in summer the volar side of the ring finger 
perspired more than the other fingers and palm. A year and a half before he was first 
seen, the tips of four fingers of the left hand were squeezed between a fallen tree and the 
stump. The pain in the other injured fingers subsided quickly but remained constant in 
the ring finger where a tumor developed. The examination revealed a tumor with 
pulsation around the middle phalanx, and the roentgenogram showed partial destruction 
of the distal end of the first phalanx. The operation and histological examination verified 
the diagnosis of cirsoid aneurysm .- — Joseph Wolf, M.D., Davenport, Iowa. 


PLASTICHE con LAMINE di GOMM.-V IN LESIONI ARTICOLARI SPERIMENTALI (PlasticS with 
Sheet Rubber in Experimental Articular Lesions). G. Giangrasso. Annali Italiani 
di Chirurgia. XIX, 289, 1940. 

The author reports the use of sheet rubber in arthroplasties in a number of experi- 
ments on dogs. A material used for this purpose should prevent the proliferation of 
osseous and periosteal tissue; further the coverage of the raw bone with firm connective 
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lissno !in(l, (li('r<'l)y, u comiilctc' fusion of Ihc coveiiiig malerial with tlie denuded bone; 
jind fiiudiy induce file jirodiiclion of ;i luliricant luiving os nearly as possible the qualities 
of synovial fluid. Sheet rubber, in expeiimonts on the knee joints of dogs, proved to be 
.-uperior (o other media. It is sterilized in distilled water for thirt 3 ’’ minutes, boiled a 
few minutes in a ;i-per-rent. jihenol solution, and then boiled again in distilled water for 
fifteen minutes. Sheet rubber gave better results than sponge rubber. It does not 
irritate the tissues of the joints and in no ease was there suppuration or a fistula. For 
clinical use it proved of value in nnk.vlosis of the mandible. Onlj’ fascia lata proved to be 
of equal value, and it had the additional atlvanlage of more rapidlj' producing connective 
tissue to cover the planes of the joint. — Joseph Wolf, M.D., Davenport, loiva. 


Suu/.M.i.u.vr: VMK.VTO oi’KiuTivo Dut, I'UMoni: (Operative Lengthening of the Femur). 

A. Mezzari and L. Trivelli. Archirio dt Ortopcdia. LV, 452, 1939. 

This i^ a rejiort on eight cases, — seven of tuberculosis of the hip or knee and one of 
infantile jiaralysis — in which an operative lengthening of the femur was performed. In 
tuberculosis ilie iqipcr third of the femur is the site of the operation; in infantile paralysis 
the lower third is preferred, since not onl.v a lengthening but a slight posterior angulation 
at the site of the osteotomy benefits an unstable knee. The patients were between ten 
and t wen tv-two .vear.s of age, the shortening between 5 and 13 centimeters, the amount of 
the operative lengthening averaged 4.S7 centiincter.s. Two holes for wires for traction 
are drilled through the trochanter and the lower metaph 3 'sis respectively. A simple 
oblique osteotonn' is preferable to a Z-shaped one. The lengthening is effected by means 
of progressiveh’ increased screw traction starting with 3 to 4 kilograms and increasing up 
to 20 kilograms after three wcek«. In two cases complications — in one infection around 
the wires, and in the other parab'sis of the sciatic nerve — delayed the result which, 
however, was finall 3 ' excellent in all cases. — Joseph Wolf, M.D., Davenport, Iowa. 


SunuDssAZio.VE AniTU.Au: PI punTnosi tra i processi articolari delle vertebre 
LOM riARi IV E v (Recurrent Subluxation of the Diarthroses between the Articular 
Processes of the Fourth and Fifth Lumbar Vertebrae). Camillo Corradi. Archivio 
di Ortopcdia. LV, 459, 1939. 

A case is described of recurrent sublu.xation of the right intervertebral joint between 
the fourth and fifth lumbar vertebrae, in a man thirty-two years of age, following an 
automobile accident. It was similar to the one described b 3 " Hadley in The Journal of 
Bone and Joint Surgery (XVIII, 428, April 1936), e.xcept for the fact that the lower ar- 
ticular facet of the fourth lumbar vertebra was dislocated toward the head ("dislocatio 
cum distractione”), while in Hadle 3 '’s case the dislocation was in the caudal direction 
("dislocatio cum contractione”). The dislocation was marked in roentgenograms taken 
in a kyphotic position but disappeared with a maximal lumbar lordosis. The diagnosis 
of this rare dislocation depends on good roentgenograms taken from different angles with 
the lumbar spine in kyphotic and in lordotic positions. — Joseph Wolf, M.D., Davenport, 
Iowa. 


OsTEOCONDRITE DISSECANTE BILATERALE DEL GINOCCHIO (contl’ibutO clinicO ed istologico) 
[Bilateral Osteochondritis Dissecans of the Knee Joint (Clinical and Histological 
Study)]. M. Dragonetti, Archivio di Ortopcdia. LV, 533, 1939. 

To the five cases of bilateral osteochondritis dissecans of the knee joint which so far 
have been reported in the literature, the author adds the description of a man twent 3 f- 
four years old. There was no history of trauma, and the destructive process went on over 
a period of one and one-half 3 'ears. The roentgenographic appearance was the same on 
both sides. These facts speak for the theory of the endocrinological etiology of the 
disease and against that of the traumatic, a question which is still debated in the litera- 
ture. — Joseph Wolf, M.D., Davenport, Iowa. 
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COXTRIBTJTO ALLA CONOSCENZA RADIOLOGICA DELLE ALTERAZIONI DEL TENDING TERMI- 
NALE DEL JIESCOLO SOTTOSCAPOLAREl IL DISTACCO PATOLOGICO DELL’INSERZIONE 
TROCHIXIANA E LA ROTTURA PARZIALE DEL TENDING OSSIFICATO (Contribution to the 
Roentgenographic Diagnosis of the Changes in the Tendon of the Subscapularis 
Muscle; the Pathological Evulsion of the Insertion at the Trochin and Partial Rup- 
ture of the Ossified Tendon). Camillo Corradi. Archivio di Orlopedia. LV, 545, 
1939. 

Two rare cases of injuries to the subscapularis tendon are described. A man thirty- 
two years of age w'as forming a curve in an iron wire with pliers and rotating his right 
arm inward when he felt a sudden sharp pain in the shoulder. The roentgenogram 
showed destruction of the outer upper quadrant of the neck of the humerus and separa- 
tion of the major tubercle. The destruction of the bone was due to tuberculosis. The 
author believes his case of pathological evulsion fracture of the major tubercle of the 
humerus to be the first reported in the literature. The other case is that of a man, forty- 
eight years of age, who fell from a bicycle on his right shoulder. The clinical and roent- 
genographic diagnosis was anterior dislocation of the head of the humerus and partial 
rupture of the ossified tendon of the subscapularis muscle. The author was also unable 
to find another case of this combination in the literatuie. — Joseph Wolf, M.D., Daven- 
port, Jowa. 


Influence of Fusion of the Spine on the Growth of the Vertebrae. S. L. Haas. 

Archives of Surgery, XLI, 607, Sept. 1940. 

In the growing spinal column what happens to the growth when the spinous processes 
are fused? 

With this question in mind, Haas studied the effects of spinal fusions in young dogs. 
In five instances the spinal fusions were performed by the Hibbs technique, and in twe .ve 
by the Albee technique. Modifications of these procedures were used in five other 
experimental animals. 

It was found that the vertebrae continued to grow in length until the fusion became 
firm. The Hibbs operation, with its mass of soft callus, allowed greater growth than the 
Albee operation with its fixed graft, but growth continued even after the fusion was solid. 
However, because the elongation was greater in the anterior part of the bodies of the 
vertebrae than in the posterior part, a lordosis developed with compression of the inter- 
verteliral discs and premature ossification of the epiphyseal cartilaginous plates, par- 
ticulaily near the posterior portions of the bodies. Haas calls attention to the fact that 
these changes are much more pronounced in dogs than they are likely to be in humans, 
because the growth of the spinal column is quite rapid in the experimental animal, and is 
completed in a period of about nine months, while in the human the period of growth 
mai' e.xtend from fifteen to twenty years. He offers the hope that the ability to produce 
deformities by localized fusions may help overcome fixed deformities in the opposite 
direction. — /. W illiam Nachlas, 31. D., Baltimore, 3Iaryland. 


Bacillus Pyoctaneus Osteomyelitis of the Spine. Report of a Case of Successful 
Treatment with Sulfanilamide. Albert J. Schein. Archives of Surgery, XLI, 740, 
Sept. 1940. 

Bacillus pj'ocj'aneus osteomyelitis of the spine is probably very rare. Schein did 
not know of any cases described in the literature, and, therefore, reports a ease that came 
under his observation. 

He calls attention to the fact that occasionally this organism, which is generally only 
mildlj' pathogenic, becomes a dangerous invader, particularly after instrumentation of 
the gcnito-urinary tract. In the case described, pyocyaneus septicaemia followed a 
cystoscopic examination. Subsequently, an osteomyelitis of the spine developed and is 
believed to have been due to the pyocj'aneus infection. Immobilization by a plaster 
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jnrkct, Mild siiirnniliiinido wti'o UK'd in tro;i( input. Appnrentlj' the clieniotlicrapy helped 
in flic niip of flip patient.—/. William iXaclilaK, M.D., Dalliinorc, Marnlaml. 


IsniKMic CoNTit.\CTUHi; or riir. I.owru Extukmitv. Thomas HorwiU. Archives of 

Surdcnj, ,\T,I, OI';, Opt. 10(0. 

I'liroiiKh the medium of a reiiort of two casc.s of isclmemic contracture involving the 
lower extremity, Ilorwitz calls attention to the fact that Volkmann’s contracture can 
occur in the lower limbs as well as in the upper. 

.'V review of the literature is included and would indicate that relativelj' few in.stances 
of this involvement have been recorded. The etiology is discussed with the apparent 
conclusion that a venous obstruction is responsible for this complication. Such obstruc- 
tions could easily be pniduccd in fractures of the lower part of the femur within the 
poplitcid sjiace, where the popliteal vein lic.s ventral to the soleus muscle, and near the 
junction of the anterior tihial vein with the posterior tibial vein between the two heads of 
the tibialis posterior. Though the clinical picture includes, in addition to muscular weak- 
ne.ss and deformities of the foot, disturbances of sensation, it is believed that the 
neurological component is not an essential part of the syndrome. It is suggested that 
during (ho acute stage of the injury, which may lead to such complications, iasciotomy 
should be used. .\f(cr the deformities have already developed, the usual orthopaedic 
procedures are helpful. — I. William Nachlas, M.D., Baltimore, Maryland. 


U.SE OK THE TiUEn.scn Ski.v GnAFT. B. K. Rank. The British Medical Journal, I, 846, 

1940. 

Statistics on 636 skin grafts, of which 391 were applied to surgically created surface 
wounds and 144 applied to unhealed or granulated areas, were given. In those applied 
to surgically treated wounds, a complete “take” was obtained in 83 per cent. In those 
applied to unhealed or granulated areas a complete take was obtained in only 41 per cent. 
In the latter group, sepsis was considered the outstanding cause of the poor results. In 
72 per cent, of the grafts that failed to “take”, sepsis was the cause. Hematomata were 
the cause of failure in 2 per cent. 

Granulating areas are treated with hypertonic saline baths and ultra violet light, 
and special attention is given to the patient’s general condition. In some the granulating 
surface is removed, and the results are apparently a little better when this is done. 
Grafts are carefully sutured to the entire wound and pressure dressings are applied. 
Dre.ssings are not removed for at least seven days. He emphasizes that thinner grafts 
are more liable to take. Grafts take equally well on all regions except where absolute 
fixation and firm pressure cannot be obtained . — Joseph G. Riley, M.D., Boston, Mass- 
achusetts. 


Tubeuculosis of the Knee. A Follow-Up Investigation of Old Cases. R. C. 
Murray. The British Medical Journal, II, 10, July 6, 1940. 

The author reports that in 2,922 cases of bone and joint tuberculosis, knee tubercu- 
losis was found in 11 per cent, of the cases. An investigation of 124 cases, picked at 
random from this 1 1 per cent., and all followed for at least five years, was made. Biopsy 
was not done on any of the cases, and the diagnosis was made purely on clinical evidence. 
Patients were divided into three groups and treated as follows: (1) Thirtj'-three with 
synovial involvement were treated conservatively with a Thomas splint, and 30 per 
cent, had a full range of motion at the time of collecting the statistics. (2) Seventy pa- 
tients with focal articular involvement were treated first conservatively and then by 
excision. The results in this group of cases were ankylosis in 45 per cent, after arthrode- 
sis and in 10 per cent, after conservative care, and the highest mortality, 21 per cent. 
(3) Seven patients had extra-articular involvement. Five of them healed without inva- 
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sion of the joint, but in two the joint was affected. One of the conclusions drawn is that 
“synovial tuberculosis progresses to definite bone changes in 45 per cent, of the cases”. — 

Joseph G. Riley, M.D., Boston, Massachusetts. 


The Rationale of Complete Immobilization in Treatment of Infected Wounds. 

J. Trueta and J. M. Barnes. The British Medical Journal, II, 46, July 13, 1940. 

The article is a summary of the available literature dealing with the spread of infec- 
tion in the body and points out: (1) Bacteria can travel very rapidly from recent wounds 
to the internal organs; (2) Absorption of bacteria is carried out by blood and lymph 
streams; and (3) Any measure that reduces the amount of lymph flowing through a limb 
greatly decreases the chances of absorption of bacteria or their products. It is pointed 
out that there is no lymph flow from the leg of an animal at rest. It is recommended that 
wounds be given a thorough excision of the dead or questionable tissue and then receive 
complete immobilization by means of a plaster cast, which is left on for a relatively long 
period of time. The conclusion is drawn that it seems best to leave the task of destroy- 
ing bacteria to the human body. — Joseph G. Riley, M.D., Boston, Massachusetts. 


Muscular Rheumatism. Local Injection Treatment as a Means of Rapid Res- 
toration OF Function. Martin Button. The British Medical Journal, II, 183, 
August 10, 1940. 

The author uses “muscular rheumatism” to mean stiff neck, lumbago, and “pseudo- 
sciatica”. A preparation called “novutox” is used, but he believes that any 2-per-cent, 
mixture of novocain and adrenalin would be equally efficacious. A point at the center of 
the pain and tenderness is selected and an injection is made one-eighth of an inch beneath 
the surface of the fascia covering the affected muscle and 2 cubic centimeters are distrib- 
uted in this area. Patients rest for an hour, and then resume full activity. Specific 
directions are given for the injection technique for acute and chronic types of non- 
traumatic rheumatism, as well as for the traumatic type, with illustrations of each type. — 

Joseph G. Riley, M.D., Boston, Massachusetts. 


Gold Therapy in Rheumatoid Arthritis. PhUip Ellman; J. Stewart Lawrence; and 
G. P. Thorold. The British Medical Journal, II, 314, Sept. 7, 1940. 

Ninety cases of rheumatoid arthiitis were divided into three comparable groups. 
One group of patients were given large doses of gold weekly (.2 or .3 grams). The 
second group were given small doses (.1 gram) of gold weekly; and the third group, the 
control group, were given weekR”^ injections of sterile almond oil. (The gold salt used 
was a British product, “solganal B”, and the gold concentration is not given, so com- 
parison with American products is not possible.) Results were judged on the basis of 
sedimentation rate, circumference of affected joints, clinical appearance of the joints, and 
roentgenograms. All cases were followed for at least nine months. In 77 per cent, 
of the group receiving large doses of gold, the sedimentation rate returned to normal. 
In the group receiving small doses only 37 per cent, became normal, and in the control 
group, 13 per cent, had a normal sedimentation rate at the end of the e.xperiment. The 
other indicators of improvement paralleled the sedimentation-rate improvement. Toxic 
effects were more prevalent in the series receiving large doses, but only rarely were toxic 
effects seen before the sedimentation rate reached normal. No conclusion is reached con- 
cerning the most suitable dosage. — Joseph G. Riley, M.D., Boston, j\Iassachusetts. 

Studies in Experlment.vl Shock. C. H. Best and D. Y. Solandt. The Canadian 
Medical Association Journal, XLIII, 206, 1940. 

At tlie outlireak of the war the authors’ attention was directed to the still unsolved 
problem of traumatic shock, which is certainly one of the major difficulties faced by 
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inilit'iry mcdiciiip 'J'lit'ir niton",! iiiib been plnefly in the treatment of the condition, 
:in(i llic i)r("-ont work wns undertaken with a view to evaluating ceitain methods of 
treating ‘-hork in experimental aninril'- Thej felt that any proceduie useful in severe 
'-hock ‘■hoiild be initiated bv thoadmmi''tration ofa vasoconstiictor, temporal ily to correct 
va'-eular atonv "o that volutions inlrodueed into the blood sticam aie not lost immediately 
into tivsiic vpacev Concentrated blood sciuin was chosen for the restoration of blood 
\ olume, bccauve it reducc-s tissue fluids and because it may be kept indefinitely without 
deterioration, and exiierimental rcvults iiidi(alc that unless the blood pressure is very 
low iiituilrin rather than ei)inc])hrinc is the better vasoconstiictor to use preceding the 
admiiiivtration of concentrated verum Pituitiin and concentrated seium yielded a lela- 
ti\eh prolonged rise in blood prcssuic, such as was ncvei seen under comparable condi- 
tions after the administration of either the concentrated serum oi the vasoconstrictor 
alone The relative efficacy of verum and of whole blood is at present being determined 
The results leave no room for doubt that undci the conditions of these expeiiments the 
deficiency is largely of protein and fluid rather than of red cells Their experiments in- 
dicate that 111 traumatic shock at le.ist the injection of a hypertonic fluid is moie beneficial 
than an isotonic one of the «ame constituents. In shock due to hemorrhage this is 
probablj’ not true They believe that the results of these experiments on animals should 
encourage a further trial of concentrated human blood serum on patients suffering from 
shock. .V project has been started for obtaining and processing large quantities of human 
blood serum. IVhilc the iirejiaration is proceeding at a rather moderate rate, it can be 
stated that the orgamration is complete and that it can be readily enlarged m Toronto or 
duplicated 111 other centeis in Canada, oi eKewhere as requiied — F. R Wzlkinson, M D , 
Toronto, Ontario 


The CoMiliXLD Suugical a.xd Fluoroscopic Method of Inserting the Smith-Peteh- 
SEV ix AIL. George H. Ryan and Digby Wheeler. The Canadian Medical Associa- 
tion Journal, XLIII, 231, 1940 

The authors have attempted to simplify the introduction of the Smith-Petersen 
nail in the treatment of fiactuies of the neck of the femur Their modification has been 
the use of a stab incision only, w ithout guides, but with fluoroscopic control of the inser- 
tion of the guide wiie and finallj' of the nail The examination of the femoral neck in 
the lateral view is made by flexing the thigh rather than by moving the tube, or even 
having a second tube available They are convinced that a fractured hip may be placed 
m full flexion w ithout the slightest risk of the displacement recui ring, provided that, while 
the tliigh IS brought up to 90 degrees’ flexion, full internal rotation and full abduction are 
maintained Their aveiage operating time for tw'enty-tw'o cases has been ten and a half 
minutes — F R Wilkinson, il/ D , Toronto, Ontario 


Fixation of Dislocations or the Acromioclavicular Joint and Rupture of the 
CORACOCLAVICULAR LIGAMENTS Gordon Murray. The Canadian Medical Associa- 
tion Journal, XLIII, 270, 1940. 

Fresh dislocations of the acromioclavicular joint are easily reduced, but the strap- 
pings and bandages used to maintain the reduction are usually ineffective Applying the 
principle desci ibed in an earliei paper on fractures of the clavicle, the authoi s method is 
to reduce the dislocation of the aciomioclavicular joint, and then pass one or two Kirsch- 
ner wares thiough the acromion process across the acromioclavicular joint and into 
the outer thud of the clavicle Itwashopedthat, if the joint was maintained in good posi- 
tion by these means, the ends of the ruptured ligaments w ould he in apposition and w ould 
be in a position to unite and lepair Five cases of this type have been treated m this w^aj’ 
with successful results in all In most cases the w ires w ere removed, as they necessarily 
passed through some fibers of the origin of the deltoid muscle, and consequently caused 
some discomfort on abduction of the shoulder The patients w ere able to move the arms 
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about quite freely inunediately following the operation, and most of them returned to 
ordinary desk work within a few days without any other support. Two cases of recent 
wide dislocation with rupture of the coracoclavicular ligaments were treated with most 
satisfactory results. Roentgenograms taken later showed extensive calcification of the 
coracoclavicular ligaments, and gave strong confirmatory evidence that these hgaments 
had been torn and that they had become repaired. The attractive part of this method 
of fixation is the ease with which it can be carried out and its effectiveness. It supports 
the bones adequately and the patient has no discomfort. There is no deformity when the 
hgaments have become repaired, and there is no disability later on. None of these dis- 
loi itions has incurred so far. — F. R. Wilkinson, M.D., Toronto, Ontario. 


The SuiiGiCAL Tbeatjient of Flat Feet. Gerald L. Burke. The Canadian Medical 

Association Journal, XLIII, 327, 1940. 

Tile author has recently completed a detailed survey of the end results in 110 pa- 
tients operated upon for fiat feet at the Los Angeles Orthopaedic Hospital. In the 
majority of these patients Young’s modification of Lowman’s operation has been done. 
I'oung perfoims a plastic lengthening of the tendo achillis as a preliminai'y procedure, 
k drill hole and slot are made vertically through the scaphoid and the tendon of tibialis 
n nterior is pulled posteriorly and placed through the slot into the drill hole. After the op- 
c ration long leg plaster casts are applied which are removed at the end of seven weeks. 

The indications for operation are painful fiat feet which have not improved under 
conservative treatment or which in the surgeon’s judgment are unlikely to improve under 
conservative treatment. The author believes that in general there is a fundamental ob- 
jection to tlie fusion of any joint in the surgical treatment of fiat feet. The results of 
operation have been satisfactory to both patients and surgeons in more than 90 per cent, 
of the whole series. — F. R. Wilkinson, M.D., Toronto, Ontario. 


A CoXTRiBUTioN TO THE Anatomy OF THE Ulnar Bursa. C. R. Salsbury. The 

Canadian Medical Association Journal, XLIII, 430, 1940. 

The author has carefully investigated the hands dissected in the anatomy laboratoij 
during the past four years. He found that in 25 per cent, there is no normal communi- 
cation between the ulnar bursa and the digital sheath of the little finger. In more than 
50 per cent, the communication is small and valvelike. In the majority of hands show- 
ing no normal communication the two synovial sacs are separated only by a thin septum- 
infection of the ulnar bursa is likely to reach the digital sheath by rupture of this mem- 
brane. It does not follow, however, that infections of the digital sheath can be easily 
spread to the ulnar bursa, because the valvelike arrangement of the pointed and in- 
vaginated distal end of this bursa may readily close the opening. It is suggested that 
the production of Kanavel’s sign is related to the peculiar anatomical structure of this 
region. — F. R. Wilkinson, M.D., Toronto, Ontario. 


OsTEOCOXDRosis DE LA R.AMA IsQtnopUBiAN.A DEL CoxAL (Osteochondrosis of the 
Ischiopubic Branch of the Hip Bone). Alberto Incldn. Cinigia Ortopidica y 
Traumatologia (Habana), VII, 99, 1939. 

After commenting on the conception of osteochondrosis in general, the author reviews 
the literature of ischiopubic osteochondrosis. He has treated many cases of posttrau 
matic coxitis characterized bj’^ pain, claudication, and relative functional restriction o 
motion in the hip, the symptomatology of which disappears completely after two to three 
weeks of rest. Some of these cases had been diagnosed elsewhere as coxalgia or PerthK 
disease, but the lasting disappearance of the symptoms after some days’ rest, ensured t e 
correct diagnosis of ischiopubic osteochondrosis of the growth period. 
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It w.i*- fdtiiid in tlic* ‘•lti(l\ of 210 locMilKcnoniani'' tliiit the (losuie of the iscluopubic 
I’liipln roinpleto iit tlie .mko of “-('Vf n nnd not, a*' is pointed out in the text- 

hooks of an’iloinv and in llu* ineda al litei.iliiip, fioin eight to ten yeais The findings of 
the loenlgenogi.iins are inc'sentid in a t ible It uas also found that in unilateral con- 
geiiit d di'-Io( at ion of the hip, the i losui e of the epiph\ sis in the dislocated hip is delayed, 
probibh due to h\poplasn, as was pointed out In Dehtala 

'1 he author stre'-sps that it is neeps'-uj to Know the couise of ossification and its 
roentgeiiograplue varieties in oidei to intei piet coi ic( tly the typical pathological changes 
of ischio|nil)ie osteoehondinsis of the hip bone In each of the three cases presented the 
author’s criterion, that the bone strut tui(> of the iscluopubic branches is altered only 
when there is some jnthologieal tondition at this level, is fully supported. Thej' also 
show the difliculty of differential diagnosis between this tj’pc of osteochondrosis and an 
inflaniinatory or infet tious pelvit oi coxofenioi.d affection without an \-ray examination 
Though the author does not wish to make any definite statement regarding the 
etiologv of the diseisp, he believes that tiauma is the most fiequent source of osteo- 
chondritis and ostc'ochondrosis As in othci locations, iscluopubic osteochondrosis is 
benign, and a cure without dcforniitv i« soon obtained by lest and immobilization The 
closure of the epipln sis always produces a periiiaiicnt cuie in this foim of osteochondrosis 


H M)irui.\Lc;i \s Hr.nKMiEs en Oiitopedu (Peisistcnt Radiculai Pam in Orthopaedic 
Conditions). A Uarbi Incliln Cinigia Ortopcdica y Traurnatologia (Habana), 
VII, 121, 1930. 

The author presents some obsei vations on pcisistent radiculai pain, oi, as its name 
iniplicp, pain from the spuial nei vc loots, duo to nutation, compression, or inflammation 
The steidily inci casing fiequencj' of this syndiome, its diagnostic as w'ell as prog- 
nostic difficulties, its varied and sometimes dangerous tieatment, and the infrequency of 
its incidence in his country, have induced the authoi to desci ibe four clinical cases treated 
by him in the National Police Hospital Three patients had low or sacrolumbar nerve- 
root pain, and one had pain in the cervical region. 

The three cases with low -back pain piesented some degiee of scoliosis with radiation 
to the sciatic nerve; one was syphilitic (arachnoiditis), another iheumatic wuth an evident 
spondylitis and pr&sumably, also, arachnoiditis, w hile the third had suffered a traumatic 
lesion, followed Iiy hypertrophy of the transverse apophysis of the fifth lumbar vertebra 
and sacro-ihac subluxation. 

I’he fourth ciuse, w ith radicular pain in the cervical region, presented w hat appeared 
to be an infectious arthritis w'lth a possible focus of infection in the vertebrae, but without 
bone lesions visible in the roentgenograms 

Conservative treatment was employed in all foui cases Besides continuous trac- 
tion and sti let immobilization, medical treatment — injections of patogenol gardier, and 
the use of salycilate, lodm, sulphur— physiotheiapy, and hydrotherapy were also em- 
ployed. Corrective manipulation w ithout anaesthesia w as can led out m the patient w ith 
posttiaumatic radicular pain 

A great many laboratory tests w ere carried out. In three cases, the x-ray examina- 
tion was preceded by a hpiodol injection into the spinal canal 

Though all the patients at present appear cured, there is no assurance that the symp- 
toms will not recur 


AnTnoPNEUMORRADiOGRAFiA DE LA RoDiLLA (Arthropneumoiadiography of the Knee) 
J. I. Tarafa Ctrugia Ortopidica y Traumatologia (Habana), VIII, 3, 1940 
The injection of contrast media into the joints is indicated in those cases, w here an 
examination of the soft parts w'lthin the joint menisci, capsule, or cruciate ligaments 
is desired as w'ell as m the search foi foreign bodies, tumors, or other intra-articular 
changes. 
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If the meniscus is detached the arthropneumoradiogram will show the penetration of 
air between the tibial plate and the meniscus; if the meniscus is ruptured the arthro- 
pneumoradiogram will show more or less irregular interruptions at the site of the rupture. 
Tearing o5 of the cruciate ligaments produces some changes in the normal picture, and is 
often associated with fracture of the tibial spine. In arthritis there is an enlargement of 
the capsule and irregularities in its walls. Intra-articular tumors show perfectly 
defined outlines, while the extra-articular variety squeeze and displace the capsule. 
Loose bodies in the joint are more clearly seen. In Charcot’s knee, besides a marked 
increase of the joint space and abnormal features of the joint surface, an almost complete 
destruction of the soft parts is visible. 


A Case of Untreated Traumatic Spondylolisthesis of the Third Cervical Ver- 
tebra. M. G. Kini and P. Kesavaswami. The Indian Medical Gazette, LXXIV, 
748, 1939. 

The authors report a case of fracture-dislocation of the third cervical vertebra in a 
man, forty-five years old, who refused surgical treatment. The injury was the result of 
a fall from a rocking chair when it rocked back too far. The paralysis often associated 
with such a fracture-dislocation did not occur, and the man complained only of slight 
rigidity. Roentgenographic examination showed that the body of the third cervical 
vertebra had slipped forward and the lamina, which was fractured from the body, had 
remained in situ. The case resembled spondylolisthesis due to trauma. 


R6le of Oblique Osteotomy of Upper End of Femur in Hip Joint Surgery. M. G. 

Kini. The Indian ISIedical Gazette, LXXV, 257, May 1910. 

In this article the author discusses derangement of the hip joint, whether due to 
congenital, traumatic, or pathological causes, and its effect on both locomotion and si a- 
bilit 3 L He tells of his experience ivith the Lorenz bifurcation in a number of cases, 
including congenital dislocation, old ununited fractures of the neck of the femur, patho- 
logical dislocations of the hip, and osteo-arthritis of the hip. Several of the cases are 
illustrated bj' photographs and tracings of roentgenograms. His follow-up of cases in 
which the oblique osteotomy was performed has convinced the author of the usefulness 
of this operation. 


Pla.ster-of-Paris. G. R. Girdlestone. The Lancet, II, 287, Sept. 7, 1940. 

The writer gives clear and concise instruction in the use of plaster-of-Paris. In 
addition to outlining the proper methods for appljdng plaster bandage, he describes the 
cream-fabric method advocated bj'' Trueta for the rapid application of plaster fixation. 
The pen-and-ink illustrations are helpful, and the article should be invaluable in the 
training of militaiy surgeons . — Lenox D. Baker, M.D., Durham, North Carolina. 


Tre.at.ment of War Wounds of the Limbs. E.xperience in 266 Cases. Solty M. 

Cohen and C. A. R. Schulenburg. The Lancet, II, 351, Sept. 21, 1940. 

The authors review their experience in assisting with the care of the wounded in the 
evacuation from Dunkirk and assess the value and dangers of different methods of treat- 
ment. All the patients had been wounded at least twentj'-four hours earlier and there- 
fore came under the categorj' of “late” cases. The authors condemn the use of local 
anaesthesia, having found that evipan or pentothal, followed by gas and ox 3 ’gen, was 
most satisfactor 3 '. 

The wound w;is thoroughh’ cleansed with ether, soap, and saline. Ko antiseptics 
ivcre U'^ed. Skin edges were excised, and the wound was laid wide open b 3 ' radiating inci- 
sioiw without needless .mcrificc of skin. Great attention was paid to the fascia as it was 
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fotiiid til'll, iiltlion^li IIk’k* w.'is oIlI^ a ‘-mall hole in the fascia, theie ^\as often extensive 
disrupt ion of the doeiiei tissue ’I'o allow •ulcqii.ito diainnge, lelavition of the fascia was 
nerc-ssarv and was olit'iined hy i.idi itmg nuisions No attempt was made to excise or 
trim muscle or to suture nerves oi tendons though the frayed ends of the latter w ere re- 
moved, Only del 'lelied fragments of hone w ere removed All cases w ere \-rayed before 
oper.ition. Large splmleis of foreign m itcrial weie always removed, but no attempt 
w.a,s made to remove (he small splinters Ij mg some distance from the entry wound. Sub- 
sequently, in a few e iscs, loeali/cd absi ess formation around a foreign body necessitated 
incision. 'I'lie jirnieiple of counter incisions was employed when indicated Petroleum- 
jelly giure from two-inch rolls was used thioughout for packing every lecess and inter- 
muscular plane. 'I'he surrounding skin was coated with a thick Ia 3 'er of petroleum jelly 
to jirevent derni'ililis and excoriation. The authors used the closed-plaster method, ap- 
jihing the cast next the skin cxccjit for a thin la 3 ’cr of sterilized plaster wool over the 
wound. Windowing the cast is counselled against because of the development of “win- 
dow oedcni'i”. No prni)h 3 hictic anti-g'is-gangrcne serum was given and there was no 
c.Lse of true gas gangrene. 

The authors state that the healing of the.se wounds tieated in plaster was astonish- 
ing; and tho 3 ’ feel that the x'alue of the closed plaster method both for fractures and in- 
juries of (he 'oft (issues is confirmed The article is well illustrated and the authors’ 
proficienc 3 ' m H'c use of plastcr-of-Paris is attested to b 3 ' the photographs — Lenox D. 
Baler, M.D,, Durham, A^arth Carolina. 


An Oi'KUATiov I on Ankx LOSING THE Knee Joint N D. Ro 3 'le The MedicalJournal 
of Au'ilralta, I, 110, Mai. 23, 1910 

The author states that he has performed this operation m cases of paralytic flail knee 
for fifteen years and has not had a failure. 

The skin and capsular structures arc opened by a U incision, the base of w hich crosses 
the patella tendon. This is scvei cd, and the patella laid upward. The tibial and femoral 
surfaces are denuded of caitilagc b 3 '' hoiizontal sections which give approximation of 
raw bone surfaces A vertical antcnoi sliding graft is then cut fiom both bones, the 
longer femoral portion being slid down into the tibia and the shorter tibial portion being 
placed in the resulting defect in the femur Union occurs after twelve W'eeks in plaster, 
but a knee splint is worn foi three more months 

No case report‘=oi statistics aicgiven other than the statement in the first paiagraph — 

John D Blair, M D., Iowa City, Iowa 


Monrox’s MErATAnsvLciA Neuiiitis of the Fourth Digital Nerve L 0. Betts 
The MedicalJournal of Avslralia, I, 514, Apr 13, 1940 

The author gives evidence in this ai tide to support his belief that Moi ton’s metatar- 
salgia IS a neuntis of the fouith digital nerve, with a pronounced neuroma in all cases 
He and his colleagues haxm had nineteen such cases, in all of which the fourth digital 
nerve was involved, w itli a definite neuroma in each 

TJie author postulates the theoiy that the condition is due to the double origin of the 
fourth nerve It is formed by a joining of branches from the external and internal plantar 
nerves, which come fiom opposite sides of the belly of the flexor brevis, the nerve thus 
formed passes forward immediately on the transverse ligament When the foot is m 
action the flexor bievis contiacts, fixing the origin of the nerve, while dorsiflexion of the 
toe in walking stretches it around the unyielding transverse ligament Each of the other 
digital nerves can slide easily longitudinal^’' as the toes are dorsiflexed A minor trauma 
causes the neuritis which pi ogi esses because of continued daiR'^ irritation 

The author treats the condition by a neurectomy, removing the neuroma and an inch 
of the nerve thiough a longitudinal incision between the heads of the third and fourth 
metataisals — John D Blair, il/ D , Iowa City, loioa 
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SinviLE Osteoporosis. Ernst Lyon. Radiohgia Clinica, IX, 89, 1940. 

In a discussion of senile osteoporosis, the author states that this disease develops 
in the entire osseous system, but becomes most evident in the spinal column. The clini- 
cal symptom's are lumbago, backache, stitches in the thoracic sides and legs, weakness and 
oxliaustion, decrease in body length, kj^ihoscoliosis, spontaneous fractures, and bone 
sensitiveness. Senile osteoporosis develops when bone apposition ceases, while decom- 
])ositiou is normal or increased. The etiological factors consist of polyglandular dis- 
tu) bailees, polyhypovitaminosis, heredity, and diet. Consideration should be given to 
■ hstuiljance of liver function in its capacity of transforming provitamin (carotene) into 
Vi' I min A The vitamin- A deficiency in its turn produces osteoporosis. The diagnosis 
must be differentiated from tuberculosis, osteomalacia, von Recklinghausen’s disease, 
‘lid iicn-tropical sprue. Treatment consists of the use of vitamins A and D, calcium, 
■ henilin meclianical support for the spinal column; and deep irradiation if hypophysial 
> ‘•tarbance is considered an exciting cause . — Frederic W. Ilfeld, M.D., Los Angeles, 


f ^ \ t- 1 u-bPi 1 n’ndpiTAUx speciaux pottr les malades de tuberculose des os et 
u' ^ AP.ucuLvTioNS (The Need for Hospitals Especially Equipped for the 
' rla’iment of Cases of Tuberculous Bones and Joints). Bruno Valentin. 
Ju "^sta Btasileira de Cirurgia, February 1939. 

I he author discusses the need for hospitals especially equipped for the treatment of 
patieuto 'suffering from tuberculosis of the bones and joints. He considers the matter 
irom both practical and theoretical viewpoints, but he stresses chiefly the requirement 
for special medical care. These patients should be regarded in a category entirely differ- 
ent from the ordinary surgical cases in which the hospital stay is brief, for treatment 
must be continued for months or j'ears and cannot be accomplished in a general hospital 
unless there is a department with adequate equipment and facilities for special surgical 
attention and nursing. 

Dr . \ alentin considers the effect upon the individual of long continued treatment and 
the psychological aid which may be rendered by proper surroundings. He cites the value 
of heliotherapy treatment and discusses the conditions which are found at high altitudes 
and at the seashore. He also quotes authorities who have realized that special depart- 
ments should be provided, with modern appliances, and urges that these patients be 
cared for by those who have had special training in the treatment of bones and joints. 


Malformations du systeme de l’.appabeil locomoteur (Deformities of the Loco- 
motor System). Bruno Valentin. Revista Brasileira de Cirurgia, July 1939. 

In classifying deformities, the author states that distinction should be made between 
a sjndrome, deformity of a system (muscles, nerves, etc.), and hereditary deformities. 
He gives illustrations of cases which have come under his observation, arachnodactylia, 
cleidocranial dj'sostosis, pleonosteosis familiaris (Leri), melorheostosis (Ldri), and other 
conditions in which the entire system is involved. In his discussion of each he includes 
the clinical picture, the hereditary factors, and the still very obscure pathogenesis. Until 
recenth little has been known of the etiologj’^ of the diseases mentioned. 


AlGU.M.AS RELAgdES ENTRE DOENg.AS DO SISTEMA OSSEO E AS GLANDULAS ENDOCRINAS 

(Relationships between the Osseous System and the Endocrine Gl-ands). 
Bruno Valentin. Revista Brasileira de Cirurgia, December 1939. 

The author demonstrates that it is not always possible to differentiate disturbances 
of the glands from their relation to the skeletal system, for the functions of the endocrine 
glands depend upon the brain which also controls the development of the extremities- 
He then describes congenital and acquired affections of bones associated with functiona 
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(if till' ('ii(i()ci iiu' kI.mikI'.. IIvpnKf'nitaliMn (ir Iiypcrgcnitalism may also be a 
(’oinjiliration in tli(’'-(' ca'.i"-. 

I'Vdin many (lb•-(•rva(io^‘- a( Ins cliriic, flic autiior arrives at the eonelusion that it is 
not always jio'-sihlc to decide whether a certain affection has its origin in the brain, the 
gland'-, or the lione-. 


I)i>c(ii,\Mi;Nn) TitM-MATico n\ i;i’irisi; i\n;nioH no n:Mun (Traumatic Slipping of the 
Inferior I'enmial Mpiphysis). Donnngo'- Define. Rcvihta Biasilcira de Orlhopedia 
c TraumnUdogin, !, 277, Mnr.~Af)i . 1010 

The autlior dc'-eiilies two ea'-es of tianmatic --lipinng of tlie lower femoral epiphysis 
with laler.'il di'-jilacenu'iit. A .statistical analy-is of this D'pe of trauma is presented 
together with a de.scriiition of the ineehanisin pioducing it. An immediate reduction 
either by ojien or closed method followed by immobilization is advised. — Emanvel B. 
Knplni), M.I)., Xrir York, X. T. 


Soimi: .\ riUCT'tnt\ isoi,\».\ n.v .worinsi: i;.\ii:i(n v do .\s>TnvG.\LO (On an Isolated Frac- 
ture of the K.vtenial .Afiophysis of the Talus-), Achilles de Araujo, Revista 
Brasilrirn drOrllinptdia r Tiaiininlolngia, I, 311, Mar.-Apr. 1940. 

The author, who found only two iceoided eases of this type in the literature, describes 
his ea«c in detail and gives an analysis of the producing mechanism. The sympto- 
matologj- of the loion was iiain just below the c.xternal malleolus and above the e.xternal 
tubereule of the ealeuneum, eicpitation at the .same level, and fi.xation of the foot in 
cquinovarus. The treatment eon.sistcd in reduction under local anaesthesia, immobiliza- 
tion in i)laster-of- Paris for one month, and physiotherapy. — Emanuel B. Kaplan, M.D., 
New York, N. Y. 


Megai.oi).\ctvi.i.\s i: .Mua.M.osYNDArrYUAS (Megaiodactylism and Megalosyndaetylism). 
Achilles de Araujo, RcrBla Brasilcira de Orlhopedia e Traumaiologia, I, 341, May- 
.lunc 1910. 

The author describes a verj' interesting clinical case of a pregnant woman with a 
fibroma of the body of the uterus, who gave birth to a boy with a megalosyndaetylism of 
the second and third toes of the right foot. Roentgenograms tahen at the eighth month, 
to clear up the differential diagnosis of twin pregnanc 3 ' or tumor, showed the anomaly. 
The observation of the case of megalos^mdactylism which ended w-ith a metatarsophalan- 
geal disarticulation is described at length. The author justifies his preference for the 
term megalosyndaetylism instead of macrosj'ndactylism and describes two personal cases 
of megalosyndaetylism. He gives some consideration to the etiology of such unusual 
anomalies with .special reference to megalosjmdactylism.- Azzi Leal, M.D., Sdo Paulo, 
Brazil. 


CoNsiDERACoEs soBRE FRACTURAS DA RACHB (Vertebral Fractures). E. Guilherme, 

Revisla Brasilcira de Orlhopedia c Traumaiologia, I, 369, May— June 1940. 

The author refers to statistics organized by one of his collaborators (Milton Weim- 
berg), which include fractures of the spine observed from the years 1933 to 1936 at the 
Hospital do Prompto Soccorrodo Rio de Janeiro (Emergency Hospital of Rio), of which 
the author was the organizer and chief. He considers the spinal fractures from various 
interesting aspects, among which is that of the careful transportation of patients, 
every one of whom should be considered, from the practical viewpoint, a latent para- 
plegic. Dividing the fractures of the vertebral column into two groups, those in 
which the fractures affect only the bone portions, and those in w-hich there is laceration 
of the medula as well, the author discusses their treatment and gives some indispensable 
directions for obtaining the best results from the adopted therapeutic means. Azzi 
Leal, M.D., Sdo Paulo, Brazil. 
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Fractura marginal posterior do planalto tibiae (Posterior Marginal Fracture of 
the Tibial Plateau). Correa do Lago, Jr, Revista Brasileira de Orthopedia e Trau- 
maMogia, 1, 375, May-June 1940. 

One case is described, the interest of the description lies in the anatomical and 
mechanical study of the lesion which is explained by indirect avulsion of the fragment 
through the cruciate ligament. — Emanuel B. Kaplan, M.D., New York, N. F. 


OSTEOMIELITIS CRONICA DEL ESTERNON; ABSCESO IMEDIASTINAL PREPERICARDICO, POST- 
opERATORio. CtTRAcioN (Chronic Osteomyelitis of the Sternum; Postoperative 
Prepericardial Mediastinal Abscess. Case with Recovery). Carlos I. Allende, 
ainl Jose P. Traverso. La Revisia de Medicina y Ciencias Afines, I, 34, 1939. 
Osteomyelitis of the sternum is very rare and quite serious, the mortality being 
liciiriy 50 pei cent. The reason for the high mortality is the fact that a mediastinal infec- 
tion frequently accompanies the osteomyelitis. The authors present a case in a woman 
■ified twentj^ (line jmars. She had had a fistula of the sternum for ten years which devel- 
oped gradually. Her presenting symptom was the presence of lumps in the region of 
Loth breasts which were felt to be lymph glands. A diagnosis of osteomyelitis of the 
-teinum was naade and the patient was operated upon. The operative wound did not 
Leal completely and a small sinus formed which made it necessary to perform an addi- 
tioLnl operation. At this time a retrosternal prepericardial abscess was encountered and 
drained. Following this the abscess cavity closed up and stopped draining, and the 
osleomyelitis cleared up completely, leaving the patient entirely well. A general discus- 
sion concerning the pathology, differential diagnosis, and treatment of osteomyelitis of 
the sternum is given. The article is well illustrated with roentgenograms which show 
the osteomj’elitis of the sternum, and the retrosternal abseess whieh was visualized by the 
injection of lipiodol.— Loin's IF. Break, M.D., El Paso, Texas. 


La osTEosfNTEsis EN LAS FRACTURAS ABiERTAs (Internal Fixation in Open Fractures). 

R. Paterson-Toledo. La Revista de Medicina y Ciencias Afines, I, 44, 1939. 

This is a rather academic discussion of operative versus non-operative treatment of 
fractures and especially of compound, infected fractures. The discussion opens with the 
presentation of two axioms; Reduction should be anatomically exact, and immobilization 
s lould be absolute. Opinions vary considerably as to the importance of anatomical 
re uction. The English committee for the study of fraetures found that 92 per cent, of 
ractures vith good results had exact anatomical reposition, and the author lays great 
s i^s on the importance of anatomical reposition. Open reduction is the most certain 
an satisfactory way of obtaining an anatomically perfect result, and of being sure of 
comp ete fixation. On the other hand he points out that many people are opposed to 
open reduction and prefer closed reduction at all costs. Other forms of treatment such 
as continuous traction, double-fixed skeletal traction, etc., are used in order to avoid an 
open re ucUon. He mentions the advantages and disadvantages of each of these meth- 
? 'lench school, headed by Lambotte, is quite radical in general, and its mem- 

ler.. le ex e that open reduction should be performed in fractures of the shaft of the long 
nec 1 lere is any doubt about holding the fracture in good anatomical position. Ver- 
ogge o e gium is of practically the same opinion. The Europeans lay great stress on 
e.'ac^ ana omical reposition and feel that by obtaining it wound healing in infected frac- 
urcs L grea j accelerated. The author, after going into considerable detail in the dis- 
10 la c methods, states that in his opinion many of the verj’' good statistics con- 
re uction in infected fractures do not stand close scrutin 3 L He feels that 
j- . ^ ^eo dangerous to perform open reductions on already infected 

^ eonservative orthopaedic measures in general xvill be attended with 
i.« ac orj- results and a lower mortality.— Louis IF. Breck, M.D., El Paso, Texas. 
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Ms I'l.oK.Ni’s nrs ^t^.^Is(■I:rl(lMII;s (ImIo Hcsulfsof Meniscectomies). Vanden- 

dorp, Haslien, el Vandecasleele. h'enir iVOrlhopulir cl dc Chinirgic de I’Appareil 

Moicur, XXVI, 020, in:w-inio. 

The a\ilhor.s review si\(y.one memscerloinies, of which Ihiec were for cysts of the 
niem’scns and fifly-eiplit for trauma, fiom the clinic of Pi of. 0. Lambrct of Lille. 

'I’hcre are difliciillie- in the piojicr c'-liination of late results. If postoperative mo- 
tion of the Knee is ronsidcred alone, the late lesults may pivc an inaccurate percentage of 
imiiiovement. It is imporlant lo ascertain the amount of residual pain at rest, standing, 
running, jumping, and kneeling, — activities which aic impoitantin cei tain professions. 
'I'wo tyiK'-s of operations were used for injiiric-s: the usual parapatellar incision in 
forty-four eitses, and the method of Tavernier, consisting in a horizontal arthrotomy 
with complete section of the collateral ligament, in fourteen. The postopeiative care 
consisted in a posterior splint for eight days, with walking on the twelfth day in the first 
type, and a posterior sphnt for fifteen day.s with walking on the twentieth day in the 
I'avernicr ojicrafion. Of all the cases operated on, estimation of late results could be 
made in forty-nine, only. Of these a rc.slitution and intcgium was obtained in 22 5 per 
cent., eleven ciuses; e\ccllent rc.sul|s, consisting in evccllcnt function and absence of pain, 
cscciit for some pain observed on change of weather, in 42.5 per cent., twenty-one cases; 
good results — good function but accompanied by pain, especially on kneeling — in 24.5 
per cent , twelve cases; mediocic rc-sults with limitation of extension and flexion and in- 
creased lateral mobility in lO.o jicr cent., five cases. Of the twelve observed post- 
operative rasults of Tavernier’s nicmsccctomies, two gave complete restitution, five ex- 
cellent, two good, and three mediocre results. The authors express the view that the 
rc-siilts .show that the two tyjics of operation are of equal value. 

An x-ray .study of the postojicrafivc results revealed that the late appearance of 
deforming arthritis is insignificant, and that the mild articular changes due to the ab- 
sence of the meniscus arc of no practical importance. — Emanuel B. Kaplan, M.D., New 
York, N. Y. 


L’OsTKocnoNuriiTi: nissi'quA.VTE (Osteochondritis Dissecans). Pierre Ingelrans and 
E. Lainc. Rcmie d’Orlhopcdic cl dc Chtrurgtc de I’Appareil Moteur, XXVI, 645, 
1939-1910. 

The authois pre.sent a short studj' of the entire pioblem with an illustrative case 
report. They advise suigical treatment. In their discussion on the pathogenesis of 
osteochondritis dissecans, they propose a new' theory. Policard has shown that the 
synovial mcmbiane has the propeity of cytolysis. It may then be responsible for a sep- 
aration of a fragment fiom the surface of bone W'hich undeigoes changes of any sort. 
The elective localization of osteochondiitis dissecans in aieas which are covered with 
synovia, the absence of these lesions in areas depiived of the synovial membrane, and, 
finally, the structure of the deep layer of the foieign bodies, w'liich is very similar to the 
synovia, all speak in favor of this theory. — Emanuel B. Kaplan, M.D., New York, N. Y. 


Ln TRAiTEMENT DEs rnACTURES DE GUERRE PAR l’appareil platre occlusif (The Treat- 
ment of War Fractures w'lth Closed Plastei-of-Paiis Apparatus). G. Baillat. 
Revue d’Orlhopidte cl de Chirurgie de I’Appareil Molcin, XXVI, 656, 1939-1940. 

The author bases his experience mostly on the wai casualties in the Spanish W'ar, 
which weie treated m southein Fiance. The urgent and calamitous evacuation of the 
wounded soldiers and civihans did not permit a proper appicciation of the methods 
used. Those wounded, w'ho W'ere treated accoiding to the sliict rules, as pioposed by 
Trueta, showed remarkable results. 

The authoi describes the principles of tieatmcnt of Tiueta of Baicelona and the 
various theories of the mechanics of healing by the closcd-jiliistcr method. Like Trueta, 
the author does not use the preliminary vaselin dicssing, ns advised by Orr. He con- 
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UXTERSUCHUXGEX ZUR MOHPHOLOGIE DER IvXIEGEEENKSXIENISCI AX HAXD VON MeS- 
SEXGEX UXD HisTOLOGiscHEN Befunden (Morphology of the Menisci of the Knee 
on the Basis of Measurements and Histologic Findings). G. Schallock. Virchoivs 
Archil' fiir paihologisclie Anatomic, CCGIV, 559, 1939. 

The author examined the tendency of slipping of the menisci, in relation to the 
length, cross section and weight of the meniscus, and finally he tried to find the variation 
in the histological picture of the menisci. All the measures mentioned were taken into 
consideration in relationship to the height and weight of the patient. He found that 
the height and weight of the menisci are proportionate to the height and weight of the 
patient. Weight-bearing, exceeding the normal duration, leads to changes in the propor- 
tions of the menisci. Weight-bearing causes an increase in length and non-weight-bearing 
causes an increase in width of the mensici. 

Fatty and mucous degeneration due to pathological processes have nothing to do 
with normal conditions. — T. J. Greteman, M.D., Iowa City, Iowa. 


Alte Bruche des X.aviculare carpi (Oed Fractures of the Carpal Scaphoid). 

Hans Virchow. Virchows Archiv fiir pathologische Anatomic, CCCV, 108, 1939. 

1. The scaphoid (navicular) consists of two parts, the body and the cones, the 
latter being distal to the former. • 

2. The scaphoid has four articulating surfaces; (a) radial, (b) lunar, (c) capitate, 
and (d) multangular. 

3. The cones are covered by periosteum except that part which articulates with 
the greater multangular. The surfaces between the articulation with the radius and the 
one with the greater multangular are without cai’tilage. Dorsiflexion of the hand is 
accompanied by dorsiflexion of the scaphoid. 

4. The kinds of fracture are: (a) fracture of the cones, (b) comminuted fracture, 
and (c) oblique fracture. 

5. The formation of a bone cavity is not the consequence of fracture, but is part 
of the fracture line which became atrophic. 

6. There is a superficial bony plate which after a while bridges the fracture line and 
covers the marrow cavity. 

7. Friction surfaces demonstrate that only flexion motion could take place after the 
injurj". 

S. Pseudoarthrosis is possible in any kind of fracture. — 

T. J. Greteman, M.D., loiea City, Iowa, 
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FRACTURES IN THE N]*:CK OF THE FEMUR IN CHILDREN 
IMITI iLVRTICULAR REFERENCE TO ASEPTIC NECROSIS * 

nv BKANDOK CAHHELL, M.D., AND W. B. CARBELL, M.D., 

DALLAS, TEXAS 

Fi'acturo of the femoral neck in children, thougli a rare injury, fre- 
quently re.sults in j)ermanent cli.sabilit3L The characteristic site is at the 
cervicotrochantcric junction, and the most common cause is severe trauma 
received by falling from high elevations. Satisfactory reduction has been 
more difficult to .secure and retain in children than in adults by the same 
commonl3^emJ)lo.yed methods of treatment. Finally the incidence of 
aseptic necrosis is jn-obabh’’ higher than in fractures of the neck of the 
femur in adults. 

In this stud.v of twelve such fractures in ten children the authors 
conclude that reduction with application of the Whitman abduction 
plaster is inadequate; nailing is undesirable; and traction alone does not 
correct the deformitjL Traction and abduction combined not onlj'' reduce 
the fracture accurateW, but maintain it .satisfactorily. The location of 
the fracture in the cervicotrochantcric region is a favorable site for 
j circulatoiy damage and aseptic necrosis. 

A summaiy of this group, with regard to location of the fracture, 
shows eight of the cervicotrochantcric type and four of the mid-cervical 
type. Each of the latter four cases had some complicating factor relating 
to the injuiy. 

Of the several methods employed for reduction and maintenance, 
manipulation followed by limited or full abduction in plaster was used in 
four cases of cervicotrochantcric fractures with poor results, and in two 
mid-cervical fractures with good results. The Hoke-type plaster with 
Avell-leg countertraction was used late in one case and was not successful. 
Had the adductors been tenotomized and the leg placed in mde abduction, 
the method would probably have succeeded, even though applied twenty 

* Read before the Section of Bone and Joint Surgery of the American Medical Asso- 
ciation, New York, N. Y., June 10, 1940. 
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(lays aftc'r injury (Case 3). Ahdiiclion with traction was applied pri- 
marily in four instama's and p:ave o.vccllont results. In another case ab- 
duction with traction was aiijilied with satisfactory results two weeks 
following injury, Ix’cause of recurrence of the deformit}’- (Case 4). A 
total of flv(' fractures were reduced anatomically and held until union was 
complete by the method of abduction and traction. Tliere was some 
variation in the nu'thod for .securing; abduction and traction in this group 
of four ca.se.s and five liips, but eqiiall.v good results were obtained. In 
Case 1, Buck’s (Wtc'usion with consid(‘rable weight, and elevation of the 
foot of the bed for six W('eks, was u.sed. In Case 4 the deformity recurred 
with the leg in jilaster in fair abduction. Two weeks later a new plaster 
was applied which included both legs with wider abduction, .skeletal trac- 
tion through the lower ('iid of the femur, and direct pull with weight for 
five or six weeks. Excellent jio.sition was .secured, though aseptic necrosis 
later develojied. In Case 10, a Jones splint was applied with skeletal fix- 
ation on the injured side. A Roger Anderson splint should be as effective. 
In Case 9, which was a bilateral one, fixed traction in wide abduction was-' 
used. Reduction was secured by tabic traction and abduction. Adduc- 
tor muscles were 1 hen very tight and were tenotomized. A Kirscliner wire 
was placed through the lower end of each femur and double spicas ap- 
plied, It is jirobable that the fixed traction in abduction without ad- 
ductor tenotomy would ha\'c been adequate, but with the high incidence 



Fig. 1-C 

Case 1. Roeiitgenogi'am taken fifteen years after injur\’. Patient has a sliglit 
limp but free motion and no pain. 
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of recurrence into deformitj'- we would employ the same technique in an- 
other bilateral case. Convalescence was not appreciab]3’- affected by 
weakness in adduction. 

Of tlie three patients who had open reduction, one, with fixation b}'’ a 
Smith-Pett'rsen nail, had a successful result; in one, pin fixation was a 
failure because of aseptic necrosis; and one, with no fixation by internal 
de\ ici>, liad a veiy poor result. 

In this group of twelve fractures, eleven were treated and the end 
n-siilt, regai'dle.ss of complications, was good in seven, fair in two, and 

111 iw (j. Two in the group recorded “good” have been followed less 
ihr r one Mar and aseptic necrosis maj’^ yet occur and alter the results. 

I ! I ' 1 \\ only one definite non-union and this was complicated aseptic 


na- 
tion :■ I 
traOji 
conib I 
mid'i ( 
or, if IV 
to pmn 
a deforii ^ 
should b< 
perfornn i 


'a rent that two major problems are encountered in treating 
Tt is believed that the first, relating to reduction and reten- 
1 \ icotroehanteric tj'^pe, has been solved by application of 
ibduction. Successful reduction can be accomplished in 
i 1 plaster to permit earlj^ discharge from the hospital. The 
' c'i lu es may be treated b}’' abduction and internal rotation, 

■ >^ nail or pin fixation, though consideration must be given 
M-ui 0 of the epiplij’^sis in the latter method. In patients with 
' h has existed longer than four or five weeks, the fracture 
’Drd to unite, and later a corrective osteotomy may be 



Fig. 3-A 

Case 4. Roentgenogram taken May 24, 193G, shows typical eervicotrochan- 
teric tj’pe of fracture, which was treated in plaster for two weeks, and then oj 
skeletal traction in abduction. 
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ASEPTIC NECROSIS 

The second problem is aseptic necrosis. This occur regardless of 
treatment, but results maj-- be favorabh'- altered by avoiding vigorous 



Fig 4-A 

Case 9 Roentgenogi am taken Septembei 2, 1939, shows bilatei al fi actui e. Tlie 
patient fell tnenty-five feet from a tiee. 



Fig. 4-B 


Ca=e 9. Koentgenogram taken November 16, 1939, after treatment bj' adductor 
tenotomy, abduction in plaster w ith skeletal fixation by wires at the loner end of tlie 
femora. 
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Fig. 4-C 

Cace 9. UoentKcnoKrain taken February 22, 1940. Function wa« good for this 
date. 

Note: Eighteen months after injury theie was no evidence of aseptic necrosis, and 
function was good. 

manipulation in jirimary reduction and lij- a long period of freedom from 
weiglit-bearing. 

Becau.sc of the high incidence f33.3 per cent.) of thi.s complication in 
the authons’ .serie.s, several roentgenograms are reproduced which mat’’ be 
interpreted in relation to the circulatort’’ mechanism in the femoral head 
of children. 

Wolcott has shown, b}’ injections of opaque materials, a pattern of 
anastomosis in the hips of children up to ten or thirteen 3 "ears of age, which 
differs from that found regularlj^ in 80 per cent, of adult hips. 

In adults he finds that the capsular vessels enter, in two groups of 
three or four branches each, at the posterosuperior and postero-inferior 
juncture of the cervicotrochanteric region. Thej’’ ma}’’ traverse the loose 
capsular tissue to enter obliquelj’’ at the base of the head, and anastomose 
with the branches from the nutrient and the ligamentum teres vessels. 
In 20 per cent, of adult hips, the ligamentum teres vessel is absent, and in 
all children it is not patent bej’ond the fovea until the nucleus for the head 
is well formed at eleven to thirteen j'-ears of age, after which free ana^ito- 
mosis occurs. 

On the basis of Wolcott’s findings, the bone reaction in Case 3, aged 
five, maj’’ be interpreted as folloAVs: The superior capsular ve.ssels were 
torn with the original injurjE The nutrient vessels, alreadj’ Injured, were 
probablj’ obliterated b.v introduction of the pin. The ligamentum teres 
vessel at the age of five had not penetrated the head. The inferior cap- 
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Fig. 5-A 

Case 10. Roentgenogram taken December 7, 1939, shows a typical fracture in a 
child of eight years, caused by a fall of two stories. 


W 


Fig. 5-B 

Case 10. Roentgenogram taken December 20, 1939, shows gradual reduction bj 
skeletal fi.xation of Jones splint on the fractured femur. 

the jouhnai- oi' bone and joint =unGEni 
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Fig. 5-C 


C^se 10. _ Roentgenogram taken Februar 3 ' 15, 1940, shows firm union. 

Note: Thirteen months after injury’ function was good and there was no evi- 
dence of aseptic necrosis. 

sular ves.sels, thougli damaged, were adequate for earl}’- union of the frac- 
ture Ijut tvere not sufficient to support the neck and head (Figs. 2-A, 2-B, 
2-C, and 2-D). 

C.^.sE 1. Twelve months after the fracture in a girl, aged nine years, there was ex- 
tensive necrosis in the neck and marblelike density in the head (Fig. 1-A). It was appar- 
ent that the ligamentum teres vessels had not been functioning and that complete disin- 
tegration could be anticipated. This is shown in Figure 1-B taken thirteen months later. 
The neck was revascularized, probablj’- through nutrient arteries (Fig. 1-C). 

Case 4. This case of a boj’ aged eleven may be interpreted with greatest accuracy. 
The several illustrations, Figures 3-A, 3-B, 3-0, 3-D, and 3-E portray healing reactions 
with indications of an early loss of the superior capsular vessels. N^ote the increased 
density in the upper two thirds of the neck, apparent for several months during the early 
period of convalescence. The appearance of necrosis in the head may be explained by 
assuming that at the age of eleven the ligamentum teres vessels had not entered the head 
and completed its anatomical connections. Had it been present before the accident, the 
upper quadrant of the head would have survived as did the damaged area of the neck. 

Whitman'®, in 1893, called attention to these fractures in children, 
and during the next few 3 ’'ears reported ten cases. Most of these were seen 
late, and because of coxa vara deformity. He suggested that such cases, 
if seen early, should be treated b}'- wide abduction and, if separation were 
present, traction. 

Ta 5 dor, in 1917, reported seven cases from the Hospital for Ruptured 
and Crippled. He observed that fractures in older children were similar 
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to those seen in adults. In the younger children the fractures occurred 
in the base of the neck, and there was a marked tendencj^ to coxa vara. 
He advised abduction and plaster when the patient was seen earlj'^ and 
had deformity. 

Bland-Sutton, in 1918, reported two instances of fracture and called 
attention to the rai’ity of this lesion. The next year Greig reported six 
cases, but did not specify the particular treatment emploj^ed. One 
patient recovered with coxa vara deformity. 

Whitman^^, in 1900, again discussed this subject in connection A\dth 
slipped epiphyses in children. Most of the thirtj'^-one cases were seen 
late and had considerable defoi’mity. Several others^'’'’” during this 
early period reported a few cases, usually seen late. They made no 
mention of changes which would suggest aseptic necrosis. 

In 1928 and 1929, Colonna reported twelve cases, eleven of which 
were cervicotrochanteric in type. Results were good in seven and poor 
in five. The Whitman abduction plan of treatment Avas folloAA^ed in most 
of the cases. 

Mitchell, in 1936, reported nine cases. Only three AA^ere treated early, 
AA'ith tAvo good results. The remaining six AA’^ere seen late in deformity. 
Mitchell recognized the Hoke-traction plan as the treatment of choice. 

John Wilson, in 1940, reported ten cases, emphasizing the difficulties 
in reduction, and the frequencj’- of aseptic necrosis. He suggested that 
better methods should be deAused for treating this serious injuiy in 
children. r 

Reports in the literature, therefore, should substantiate the conclu- 
sion that cervicotrochanteric fractures in children are not satisfactorilj'' 
reduced and maintained in reduction by the method AAdiich has usuall}'^ 
been emploj’ed in the treatment of fractures in adults. 

SPMMARY 

Fractures of the hip in children are of infrequent occurrence. The 
type of fracture is cerAucotrochanteric in 75 per cent, of the cases. 

Treatment b}^ the methods usualty applied in adult cases has not 
been satisfactory. 

After reduction, fixation is best secured by abduction, plaster, and 
traction. Skeletal fixation in plaster ma 5 ’' be substituted for traction. 

Adductor tenotomy may be necessary in delaA^ed reduction. 

Cases seen late in coxa Amra position (after four AA'eeks) should be per- 
mitted to unite and then to haA'e the deformity corrected b}^ osteotom}'; 
othei'AA'ise aseptic necrosis may supeiwene. 

Aseptic necrosis is a frequent complication. To le.ssen the damage 
from it, a long period Avithout AA-eight-bearing should be adA'ised. 
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TREATMENT OF TENDONS IN COMPOUND INJURIES 

OF THE HAND 

BY STERLING BUNNELL, M.D., SAN FRANCISCO, CALIFORNIA 
TREATMENT OF WOUNDS 

Severance of a tendon is an indication to hurry the patient to a hos- 
pital where good surgical facilities and surgical skill are available. With- 
out these, suture of a tendon should not be attempted, as it does more 
harm than good. The fate of a tendon is dependent on the proper treat- 
ment of the wound as a whole, because a tendon cannot live long either 
when exposed or when bathed in infection. Therefore, when tendons are 
severed, the proper treatment of the wound in general is essential in 
order to provide an environment of clean primary healing. 

In a compound injury of a hand, the outcome is determined by the 
selection of the primary surgical procedure. Thus, the patient may be 
spared long illness and extensive crippling by preventing sloughing ten- 
dons, infected joints, and osteomyelitis. This can be accomplished by 
observing the following three main principles; (1) early operation before 
the germs introduced have become numerous, (2) thorough debridement, 
and (3) covering over of all vulnerable tissues. 

Time Factor 

It is preferable to suture tendons within six hours after the accident, — 
that is, before the bacteria in the soiled wound have greatly multiplied. 
A tendon should never be sutured after twenty-four hours. Very bad 
infections frequently result from breaking this rule. In many cases the 
arbitrary six-hour limit, based on hospital statistics, is unnecessarily 
short because there are various determining factors other than time alone. 
If such factors are favorable and a smear from the wound does not show 
cocci or an excess of pus cells, tendon suturing up to twelve or even 
twenty-four hours is possible. Judgment in this should be based on the 
degree of trauma, amount of bacteria, virulence of bacteria, resistance of 
patient, and the method of wound handling and after-treatment. Infec- 
tion is less apt to occur in clean cut wounds than in crushing or explosive 
ones, or those with dirt ground in, and less in wounds incurred indoors 
with clean tools than those received outdoors. The infections from a 
human bite or the bite of an animal incurred in a slaughter house are 
especially prone to be virulent. In a healthy, resistant individual, in- 
fection is less likely to occur, mildly contaminated wounds often healing 
per primam. Thus, by con.sidering all factors, including management, 
primary suture of tendons can be succe.ssfully done after .six hours, in 
a gradually decreasing number of cases, up to, but never after, twent}’-- 
four hours. 
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Ddhrirlancut 

Washing a wound with a largo amount of normal salt solution does 
not conslilnlc d(:hridomonl, as it docs not remove from the wound the 
surface tissues which have been traumatized. Unless careful and thorough 
excision is done, tendon suturing is frequently followed by severe infec- 
tion, because the wound must rid itself of a layer of traumatized, infected 
tissue by necrosis and sloughing. 

After the area surrounding the wound has been .shaved and cleansed 
with soap and water, the limb is wrapped in a towel and wound bloodless 
from fingers to above the elbow with a rubber Esmarch bandage. One 
and one-half inches above this, where its pressure will not be influenced 
bj*^ removal of the Esmarch, the cuff of a blood-pressure apparatus is 
applied and jnimped to 300 millimeters of mercury, the tubes are clamped 
and the Esmarch removed. An Esmarch toxirniqiiet may cause paralysis, 
but a blood-pressure band, so used, will not. After local or block anaes- 
thesia (never adrenalin in the digits), the surrounding area is painted with 
equal parts of tincture of iodine and alcohol, and the wound is iodized 
thoroughly. 

The wound is ddbrided — that is, converted into a non-traumatized, 
aseptic wound — b}-- excising its complete surface while sparing essential 
structures, such as nerves, blood ve.ssels, and tendons. With sharp, flat, 
curved, double-pointed scissors, the skin edges are cut away and the whole 
surface of the wound is systematically excised to a depth of one or two milli- 
meters, or more if the tissue is too badly traumatized. The infected bone 
ends are chiselled off thinly, the infected ends of tendons and nerves are 
shaved off, and all the iodine-stained tissue is removed, so that there re- 
mains a surgically aseptic, chemical-free wound of viable tissue. 

Covering of V ulneraUe Tissues 

Tendons, nerves, joints, and bones cannot live exposed to the outside 
world and when infected cause sloughing, months of dressings, and final 
crippling. Before germs have multiplied all these structures should be 
covered by plastic skin flaps from the immediate neighborhood. The 
denuded areas from which the skin flaps are swung should be covered 
immediately by Thiersch skin grafts. 

After the skin flaps are fashioned, the tourniquet is removed, and 
hemorrhage is checked by steady pressure for a few minutes, and a mini- 
mum of No. 000 catgut ties, or even better No. 36 or No. 38 stainless-steel 
wire which is hairlike and does not interfere vdth healing. 

Postoperative immobility is strictly maintained for at least a week 
by a half circumference of plaster of Paris. The limb is kept elevated 
until the tendency to swell is over. Following the operation, mild gauze 
pressure is applied for a few hours or until the next day to prevent hema- 
toma. The wound is then uncovered and allowed to dry, and is protected 
only by a wire cage covered by a towel or gauze. Even a dry gauze 
dressing over a wound becomes moist in twenty-four hours and encourages 
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infection to enter along the stitches. Dr^niess iirevcnt.s tl)is. Antitetanic 
serum should not he forgotten. 

REI’AIR OF TENDONS 
Indications for Tendon Sntnre 

In disability eases, eoining later for reeonstnietion of solidly congealed 
and contracted hands, much of the destruction can be ascribed to the ver}’’ 
bad infection that resulted from the additional trauma of surgery. Ten- 
dons in these hands were often sutured after twenty-four hours following 
the accident when bacteria were so numerous that they were spread and 
planted extensively through the hand and wrist by the surgeiy. 

Tendons should never be sutured if the wound is already infected, if 
over twenty-four hours old, or even within twenty-four hours if in the ])res- 
ence of too much crushed or damaged tissue, or if the wound is too dirt- 
ground or badlj' contaminated: nor should the oi)eration be done with 
poor hospital facilities or by an unskilled surgeon. It is j)referable to 
leave a severed tendon undisturbed, so that it can be repaired later 
under good conditions than to do what will make the limi') worse. 

In recovering tendons for suture, a ])revailing fault is to continue an 
incision upward along the tendon, — namely, to make the “pernicious 
median longitudinal inci.sion” that cuts acro.ss n.atural crease.s and 
pulleys, and leaves a maximal length of adhe.sions along the tendon result- 
ing in keloids, flexion contracture, lo.'^s of gliding surface, bowing forward 
of tendons, and immobility from adhe.sions. Instead, a small lransver.se 
inci.sion higher uj) will siifhee or a mid-lateral one in the finger. Care 
should be taken to avoid crossing flexion creases at a right angle or in- 
juring small nerves. 

Healing of Tendons 

A clear conception of how a cut tendon behaves and heals helps in 
developing a method of suture. The healing is quite different when a 
tendon is cut in a .sheath than when cut in jniratenon formation, and dif- 
ferent too when not sutured than when .sutured. If cut in a sheath, the 
proximal end of a tendon retracts further than when cut in paratenon. 
In either case the distal end retracts onl.y as far as it is drawn when the 
limb is extended. The tendon ends do not proliferate any more than to 
become rounded over and sealed by epitenon, and they remain free iii 
the sheath. If infection develops, they become attached to the sheath 
and cicatricial. 

When cut in paratenon and not .sewed, each tendon end attempts to 
reach out to rejoin the other. Extensive proliferation of the paratenon, 
epitenon, and endotenon, or connective-tissue elements, reaches out like 
an expanded flame and attaches to anything it can. At first, it is tubular 
and jellylike, but connective-tissue cells quickly grow in, followed by 
tendon cells which furnish strength to the attachment. The whole 
mass then contracts. This blind effort often disables because the flexor 
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digiloniin jM-ofuiulus is lu'ld from contrncling by this attachment of one 
tendon, and so can no longer flex the other fingers completely. If instead 
the ])sendo]5odia of one tendon end meet the other, the tendon mass con- 
tracts, cells guided b.y sire.ss be(>ome arranged longitudinally, and the 
tendon becomes reestablished. 

When tendons are sutured, the same rapidly growing fibroblastic 
proliferation joins the tendon ends as a fusiform splint in four days, and 
in two weeks is quite advanced, with connective-tissue cells, but without 
strength. Tendon cells commence to proliferate in four days and bridge 
the gaj) in two weeks. They furni.sh strength, so that in three weeks 
si)lints can be removed, and in four weeks the danger of breaking is over. 
There is much swelling in the fii’st two weeks. After that the connective- 
tissue elements loosen around the tendon to allow movement. Healing 
of tendon in jniratenon is more active than that within a sheath because 
of the surrounding jiaratenon and the greater vascularity. Paratenon 
and ej)itcnon are to tendons what muscle and periosteum are to bones. 

In the above repair jjroce.ss, there is naturally great tendency for the 
tendon at its juncture to grow fast to the surroundings, and this tendenc}’- 
is stimidated bj’’ all factors which provoke tissue reaction, including both 
infection and surgical trauma. The more elaborate the suture, the greater 
is the amount of foreign-body material; and the more necrosis which de- 
velops from the grasp of the suture, the worse will be the attachment. It 
is clear that to obtain a free-running tendon, healing should be as reaction- 
le.ss as po.ssible. 

The poorest results in tendon repair are of the flexor tendons in the 
narrow firm tunnel, or sheath, extending from the distal crease of the 
palm almost to the middle joint of the finger. Here the enclosing firm 
tunnel does not allow for the necessary swelling of repair, the blood supply 
is squeezed out, and the tendon within the tunnel undergoes necrosis. 
Resolution of this results in converting all the tunnel contents into a 
firm cicatrix. To forestall such a mishaj? the fascial tunnel should be 
split its length laterally to decompress, and maintain vascularity of the 
tendon during the stage of swelling. 

It is customary to obtain good results by silk suture of tendons in 
the forearm where the surrounding tissue, if adherent, moves with the 
tendon. This is true in the dorsum of the hand where also tendons inter- 
digitate; but in a flexor sheath in a finger, failure is inevitable unless every 
refinement of method and delicacy of technique is used. 

Materials for Suturing Tendons 

Of materials for suture, catgut is the least satisfactory. It is coarse 
and provokes so much reaction, sensitization and otherwise, that its use is 
followed by infection six times as often (O’Shea*) as that of silk. Silk No. 

2, untreated, is in general use, but, though superior to catgut, it causes 
considerable cicatrix about itself. Fine stainless-steel wire, sizes No. 34 
and No. 35, provokes the lea.st reaction of all suture materials. It is 
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subjected to constant angular movement, as at the wrist, it may be found 
that the wire lias broken into many tinj' segments wliich do no harm, or, if not 
jjroken, that there are occasionally some signs of mechanical irritation. This 
is a point in favor of the removable wire suture wliich we now use routinely. 

A. Placing the stitch. 

B. All slack is removed by pulling on one wire at a time. The tendon 
slips on smooth wire and allows itself to be bunched up on the wires. 

This prevents separation of the tendon ends later. 

C. A single knot, which sinks into the tendon when tied, is used remote 
from the suture line. 

D. The ends of the wire are cut off, after bein^ again passed through the 
tendon, so they will be left embedded within the tendon. 

non-electrolytic and is apparently inert on the tissue in which it lies. I* 
slides well through tissue and is, for its strength, finer than silk, — a suture 
with No. 34 will withstand a strain of five pounds. Great care should 
be used to avoid kinking the wire as this will cause it to break. For five 
years the author followed Babcock in using it for wound closure and for 
three years has used it for tendon suture. Tendons containing this 
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suluiT wliich wc'iT uncovcMTfl lat('r, usually showed an even more normal 
appearanee than those eontaininp; silk. In some cases where there had 
been continual movement over many months, the wire had fragmented into 
short segments, hut these were not 
doing harm. Occasionally signs of 
mechanical irritation from the wire, 
due to movement, were found. A 
method has been developed of .so plac- 
ing the stitch in the tendon that it is 
removable in three weeks when the 
tendon will have phy.siologieally united, 
thus leaving the tendon junctuii, <‘ree 
from any suture. 



Fig. 2 


For primary repair of extensor tendons a simple figui e-of-eight stitch with No. 
35 stainless-steel wire is used. One loop unites the tendon ends and the other the 
skin edges. The stitch is without strength and is merely for approximation of 
tendon ends. Splinting, as shown, prevents the tendon ends from pulling apart. 


Type of Stitch 

In the primary repair of tendons the stitch should be the simplest 
possible. In order to hold, it must cross some fibers for a spliced effect but 
this should be minimal. A single stitch placed longitudinally will split 
through on slight tension. A core suture (Fig. 1) is less likely to cause 
adhesions than one in which the suture is on the surface of the tendon. 
The smooth glistening epitenon surrounding the tendon should not be 
even scratched. The suture material should be fine and largely sunk out 
of sight into the tendon. All slack should first be withdrawn by pulling 
the sutures taut. Otherwise the tendon ends will pull apart somewhat 
during healing. There will be some central necrosis from this tightness, 
but it will eventually be replaced by tendon cells. 

To prevent tendon ends from pulling apart more reliance should be 
placed on splinting, with joints flexed to relax the tendons, than on the 
strength of the suture (Fig. 2). In three weeks fairly strong physiological 
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Double riglifwitifrlc .stitch. This slilcJi is more thdii twice fts strong a.s two 
simple Ihrougli-aiKl-through stitches because in each tendon end the stitcli 
crosses diagonally !i quadrant, of tendon fibers. Tliis displncc.s fill .somewhat 
on the bias as tlie .stitch is pulled, all strands thus making for added strength. 

The four strands give a basket cfTect for better approximation of the tendon 
ends and divide the strain, so that as small us No. 35 wire can be used. The 
stitch is simple and quickly placed. To prevent breaking more reliance is 
placed on splinting the wrist in flexion to relax the flexor muscles than on the 
strength of this stitch. A pull-out wire is placed under the knot as shown, 
drawn out through the skin and left in place. If infection develops later, the 
stitch can be withdrawn as .soon as the tendon unites, or if healing is per 
priniam, the pull-out wire may be withdrawn. 

union allows removal of the .splint. Half circumference plaster of Paris is 
best for this. For flexor tendons it is molded on the dorsum of the hand 
and forearm with the wrist flexed, but with the digits free for some feeble 
action. For extensors the splint is jtlaced on the volar aspect and holds 
the wrist and digits in dorsifiexion. The latter keeps extensor tendons 
so Avell relaxed that the only suture necessary is a simple figure-of-eight 
through the skin with one loop and through the tendon ends beneath 
with the other; this is kept n? situ for three weeks. These extensor tendons 
so interdigitate that splinting alone often suffices, though the accuracy 
of union gained by one stitcli is adA'isable if we gauge our results critically. 

For flexor tendons in palm or forearm a useful quick stitch that holds 
fairly firmly is the "right-angle double” (Fig. 3). The needle is thrust 
straight through the tendon four millimeters from the end, repeating m 
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Fig. 4 

Witlidrjnvjiblc fctitcli of .sl;iiiile.'''i-.stecl wire. TJjc stitcJi is made fast into the 
tendon end wliicli is attaclicd to the muscle and then anchored to the outside of 
tlie limb, in_ this case tliroiigh the fingernail. A tiny stitch of blood-vessel silk or 
No. 40 stainless-steel wire approximates the tendon ends. The distal tendon 
end is passii'C and does not exert a pull. A pull-out u’ii’e is seen looped through 
the jn-oxinial loop of the stitch and brought out through the skin. Both the pull-out 
and the stitch wires are made to traverse the tendon sheath some distance before 
emerging through the skin. This allows some to-and-fro movement of the tendon 
in the sheath without causing parting of the tendon ends. 

In three weeks, when the tendon is physiologically united, the stitch is with- 
drawn. After cutting off the stitch wires at the skin, the stitch is drawn out back- 
wards bj’ its looji by the jiull-out wire. 


tlie other tendon end a.s in the simple longitudinal stitch which will not 
hold. Another similar stitch is placed at a right angle to the first. The 
ends of the stainless-steel wire are then tied fairly tightly. No. 35 in- 
stead of No. 34 wire can be used, as four instead of two wires divide the 
strain. The four wires also hold the tendon ends cagelike and in better 
approximation. The strength of this suture is due to crossing the tendon 
fibers in two quadrants, but when used the tendon should be left in con- 
stant relaxation by keeping the wrist flexed by a plaster-of-Paris dorsal 
splint, as the juncture is not strong. These sutures can be placed so they 
may withdrawn or not at will. 

Withdraiuahle Tendon Sidures 

Convinced that complete absence of suture, when after three weeks 
the tendon has united, is most favorable for a free-running tendon, a 
method has been developed by which the suture can be withdrawn (Fig. 
4). After a tendon is sutured, only the end of the tendon attached to 
the muscle exerts a pull. Therefore, the suture is spliced securely in 
this end and the two ends are passed some distance down through the 
center of the distal tendon and on out through the skin. By pulling 
upon these sutures from the outside and anchoring them securely, the 
proximal end can be drawn down until the tendon ends are held approxi- 
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Fig. 5-B 

G. II. Result in case of ]n-imary repair of severed fle.xor tendons in little finger 
sutured in the proximal segment, a part of the finger notorious for poor lesults. 
llemovahle .stainless-steel wii-e No. 34 was used hj' the mctliod sliown in Fig. 4. 

mated. Only one tiny stitch of blood-vessel silk or hairlike wire is then 
necessary for exact approximation of the tendon ends. 

For the later withdrawal of the stitch a pull-out wire is left in place 
which will draw the stitch out backwards by its loop whenever the two 
stitch wires are cut. Both ends of the pull-out wire, after being placed 
through the loop of the stitch in the proximal tendon end, are threaded 
on a needle and passed up through the sheath some distance and out 

THE JOURNAL OF BONE AND JOINT SUBOEB^ 





Tin:ATMi:NT or thndons of thl: hand 


249 



Fig. 6-B 


E. M. Another case of pi imary repair of severed flexor tendons. 


througli the skin. The play of the wires through the sheath will allow 
a little movement in the tendon without strain on the juncture. 

Tension is relieved by flexing the joints. The stitch wires can be 
anchored to the outside of the limb by passing them through adhesive 
plaster applied to the skin and then fastening them through a button, by 
“split shot” or to a loop of adhesive plaster over the end of the finger, or 
by tying the wire ends through a perforation in the fingernail. If any 
resistance is encountered when vuthdrawing the stitch by the pull-out 
wire, tension may be applied by fastening a light rubber band to the vure. 
At the next dressing the stitch will be out. The bend of the pull-out 
wire, where it loops through the stitch, should be pinched sharp, so that 
it will not encircle tissue. 

If the right-angle double stitch is used, it can be made optionally 
withdrawable by merely laying a pull-out wire across under the knot as it 
is being tied. The two ends of the pull-out wire are then threaded on a 
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needle and brought out, through the skin. If infection occurs, tlie stitch 
can be withdrawn, but if it does not, the pull-out wire alone is withdrawn 
after cutting off one of its ends just inside the skin. 

General Cons idem lions 

Block anao.sthe.sia is generally u.scd with the ischaemia of a tourniquet. 
An injection is made of five cubic centimeters of 2-por-cent. novocain 
plus adrenalin in the ulnar nerve at the elbow, the median nerve above 
the wrist, and the branches of the radial nerve as they reach the super- 
ficial fascia. If the case is extensive, general anaesthesia is preferred. 

It is im])ortant for the surgeon to be comfortably seated and to 
work across an arm board with an assistant. The arm board is made 
steady on a firm base and the patient’s hand is held immobile b}' the as- 
sistant who presents it jirojierly to the ojierator’s line of vi.sion under a 
bright but not a hot light . 

If in a finger the flexor sublimis tendon is cut. it need not be sutured, 
but if both flexors are cut only the profundus should lie repaired, and the 
sublimis should be removed. If both tendons are sutured, they will 
adhere to each other and thus act on the middle joint alone, but not on 
the distal joint. The profundus tendon sut\ired in the middle segment of 
the finger may yield a fair result, as it need ])ull through but one joint 
and not two as in the i)roximal segment. Also, if it adheres it may later 
be freed with some advantage. Flexor iirofundus tendons arc essential 
for good function, but sublimis tendons are not so important. The}’’ 
help the muscle balance of the fingers and furnish the final tight clenching. 
Good results arc obtained in ruptured insertions of extensor tendons if 
the finger is .splinted early in hyperextonsion of tlie distal and flexion of 
the middle joints. Suturing is unnece.ssary in fresh cases. 

Flexor severance in the proximal segment of a finger is not only the 
most common tendon injury, but is followed by the poorest results. 
When the problem of repairing a flexor tendon at this site is solved, the 
repair of all tendons will be comparatively ea.'^y. 

CONCLUSIONS 

Primary repair of tendons in open wounds is dependent upon obtain- 
ing primary healing in the wounds in general. 

Essentials are prompt operation, thorough ddbridement, covering 
over all vulnerable tissues, and adequate after-treatment, consisting of 
splinting, elevation, and dryness. 

The technique of tendon suturing is based on physiological healing. 

Stainless-steel wire is superior as a suture material. 

Irritation from suture is terminated by withdrawing the suture from 
the tendon in three weeks. 

The fascial tunnel or sheath in the proximal segment of a finger 
should be split laterally when repairing a tendon within it. 

1. O’Shea, M. C. : Severed Tendons and Nerves of the Hand and Forearm. 

Surg., CV, 228. 1937. 
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SUBFASCIAL HEMATOMA AS A COMPLICATION OF 
CRUSHING INJURIES TO THE FOOT 

BY IIABOLD M. CHILDBESS, M.D., JAMESTOWN, NEW YORK 
From The liaslon City Hospital,* Bostoyi, Massachusetts 

Due <0 tlio form of the human foot and its manner of functioning, the 
forefoot is constant Ij’- exposed to crushing injur3^ Heavy objects may 
fall upon the unprotected feet of laborers, while the feet of pedestrians 
ma3’- be run over b}' \'chiclcs or caught in sliding doors or escalators. 
Marked subfascial hemorrhage on the dorsum of the foot usually accom- 
panies such injuries. Local circulatory obstruction of varying degree is 
produced immediatel3\ Unle.ss this subfascial tension is promptly re- 
lieved, permanent damage is done to the soft structures of the forefoot. 

This report is based upon four such cases. Three were acute and 
were given immediate attention, whereas one patient was admitted 
twenty-four hours after injury. This last-named patient developed a 
relativelj'- large trophic ulcer on the dorsal surface of the forefoot. Be- 
cause of the delay in admi.ssion, the area had become devitalized by 
pressure of the underlying hematoma. 

From a studj’’ of the anatomy it is evident that crushing injury to the 
foot may produce serious complications, because of the vulnerability of 
the blood ve.ssels. The horizontal and perforating arteries, for the most 
part, lie beneath the dorsal fascia. The deep veins communicate with 
the saphenous system by means of perforating branches through this 
fascia. Passing transversely across the anterior aspect of the ankle are 
two well-defined bands of tissue, the cruciate and transverse ligaments 
(Fig. 1 ). The strips are continuous below with the dorsal fascia. 

Following trauma, these ligaments, particularly the cruciate, may 
become constricting bands to produce circulatory obstruction. Immedi- 
ately after the injury there is local vasodilatation and a bulging out of the 
fascia due to the confined subfascial hemorrhage. Because the dorsal 
fascia blends laterally with the thick plantar fascia, this hemorrhage does 
not pass readily into the sole of the foot. The A^enous flow from the toes 
is obstructed first, and, as noted in Case 1, the condition is rapidly pro- 
gressive. Another factor is that most persons so injured are brought to 
the hospital Avith the fractured foot dependent. If a traumatized foot is 
elevated promptly after injury, a complete circulatory block may be pre- 
vented. In Auolent crushing injury, hoAvever, the arterial hemorrhage 
rapidly fills the subfascial space and the distal forefoot quickly becomes 
cold and cyanotic (Fig. 2). Marked oedema, Avhich obscures the true 
condition, later appears in the loose subcutaneous tissue. 

To determine, experimentally, the roles of the cruciate and transverse 

* The Bone and Joint Surgical Service of Otto J. Hermann, M.D. 
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I'^xtennor diRitonim Ioiirus 

Lipnnipntuin tninsvcrsum cruris 
Voim suphcnu inngiia 

\’eniic luclatarseao dorsalis pedis 
IdKaiucntum cruciaUim cruris 

Dorsalis pedis 
Tibialis anterior 
I'lxtcusor liallucis loiiRUS 


Fig. 1 

Henry Frowde and Hodder & Stoughton, 1919.) 


ligaments in subfascial hemorrhage, six feet from unembalmed ^ada 
were injected with a solution of black dye and physiologically noma 
saline. The evidence obtained was more indicative than 
Injections varying in amount from 50 to 200 cubic centimeters m d^^ 
beneath the deep fascia on the dorsum of the foot and into tl - 
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iiiloros-, spoils spares. Dissrrfion wa.s done from five to thirty minutes 
later witli exposure of the faseia, tendon sheaths, and the cruciate and 
transverse ligaments. Particular attention was given to the cruciate 
ligament, and the belief that this ligament would act as a confining band 
in deep fascial injections was confirmed in every instance. In ten to 
fifteen minutes, however, a small amount of the dye solution passed be- 
neath the ligament to continue upward to the transverse ligament where 
it was delayed still further. In two of the feet injections of 150 and 200 
cubic centimeters were made after the fascia and the ligaments had been 
e.xposed. The dorsal fascia ballooned out considerably up to the cruciate 
ligament which was j)ut under tension. When this ligament was sec- 
tioned transvor.sel 3 '’ in the mid-portion, its ends separated 3.5 centimeters 
in one foot and 4.6 centimeters in the other. It was suggested that a dyed 
acacia solution be used rather than the saline. This method was em- 
ploj’cd in two additional feet with identical results. In no case did the 
fluid ]Dass beyond the edge of the sole and none extended beyond the 
webs of the toes. 

Conclusions from 
the.se injections into 
unliving tissue are 
made with reserva- 
tions since the actual 
changes occurring in 
living traumatized 
feet cannot be pro- 
duced. 

Treatment de- 
pends largely on the 
severity of the case. 

The general condition 
of the foot should be 
considered first rather 
than the fracture. If 
deformity due to the 
latter is causing addi- 
tional venous conges- 
tion, reduction should 
be done and retained 
by skeletal traction or 
pillow splint. If the 
patient is seen soon 
after the injury and 
only a moderate ve- 
nous obstruction is 

present, elevation of Fig. 2 

the foot, application Case 3. Crushed foot shoinng swelling and cj-anosis. 
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of ice packs, and gentle centripetal massage of the foot and ankle should 
be tried. In many of these cases such treatment is adequate. In severe 
cases the hematoma should be released at once by multiple incisions 
through the fascia. Soft rubber drains should be inserted and the wound 
left open. If this is not effective, then sectioning of the cruciate and trans- 
verse ligaments must be considered. Aspiration of the hematoma with a 
large-bore needle usually gives only temporary relief (Sec Cases 2 and 3). 

Metatarsal fractures are usuall}’^ found following such trauma, but 
soft-tissue damage alone may produce an idenlical clinical picture. The 
entire forefoot becomes swollen and firm. The skin over the dorsum is 
stretched tight and is cyanotic. The toes arc cold and insensitive to pain 
and temperature changes; the dorsalis jiedis is not palpable. This injury, 
to some degree, is comparable to the subfascial hemorrhage in the forearm 
preceding Volkmann’s contracture. The resultant, muscle damage on the 
dorsum of the foot is negligible, however, as only the extensor digitorum 
brevis and dorsal interossci are exposed. As far as could be determined, 
these muscles were not affected in any of the four cases. 

CASK IIEPOIITS 

Case 1. female, aged scve»t 3 ’-two j’ears, had her left foot run over bj’ an 

automobile twentj’ minutes before admission to the hospital. There was a tense fluc- 
tuant swelling over the dorsum of the foot; pulsation of the dors,alis pedis was absent. 
There was a definitclj’ depressed line about four centimeters in width across the dorsum 
of the foot at about the level of the cruciate ligament. The toes were cold, bluish-black, 
and did not react to sonsorj' stimidi. Roentgenograms showed a fracture of the fifth 
metatarsal bone without displacement. For one and one-half hours the patient refused 
treatment while the area of cj’anosis and anaesthesia spread up from the webs of the toes 
to the mid-tarsal joint. All the .swelling remained confined to the anterior and antero- 
lateral portions of the foot. The plantar area was rclativelj' normal in appearance. 

Two two-inch longitudinal incisions were then made down through the deep fascia 
proximal to the first and third metatarsal heads. Several large soft blood clots were 
removed and about sixty cubic centimeters of dark blood was evacuated. Soft rubber 
drains were inserted, the wounds were left open, and the foot was elevated beneath a 
light cradle. Immediate improvement was noted, and twelve hours later the foot re- 
mained only moderatelj’’ swollen and discolored. Six daj's later the color and sensitivitj' 
of the foot were practically normal. Puls.ations of the dorsalis pedis arterj’, however, 
did not return. 

Case 2. White boy, aged thirteen, was struck bj’^ an automobile which ran over his 
left foot. He was brought to the hospital at onec with a compound posterolateral dis- 
location of the ankle and with the entire forefoot cold, cjwotic, and insensitive. The 
dorsalis pedis arterj-' was not perceptible. He was in moderate shock. As the disloca- 
tion appeared to be causing a circulatory block, the wound was scrubbed with green soap 
and the dislocation was reduced. As the circulation did not return, and as there was 
evidence of a subfascial hematoma, about thirty cubic centimeters of dark blood was 
aspirated. The circulation and sensitivity returned almost immediately to the toes and 
to the dorsal forefoot. Roentgenograms showed a transverse fracture of the mid left 
tibia and fractures of the second, third, fourth, and fifth left metatarsals. Two hours 
later the toes and forefoot were again cold, cyanotic, and anaesthetic. Two longitudinal 
incisions were made through the dorsal fascia and about fifty cubic centimeters of dark 
blood with a few soft clots was removed. Drains were inserted and the wounds were 
not closed. The leg was elevated beneath a light cradle and the drains were remove 
twenty-fours hours later. The foot appeared normal the next day and circulation to i 
remained unimpaired throughout convalescence. 
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Case 3. Wliitc male, aged thirty-two, was injured while unloading lumber from a 
tnick. Several large limbers fell ujjon his left leg and foot. On admission shortly 
afterward the dorsal fascia of the foot was tense because of deep hemorrhage and the 
ankle joint bulged with fluid, lie complained of numbness over the entire foot. Roent- 
genograms of the foot showed fractures, with onlj’’ slight displaeement, of the first cunei- 
form, third and fifth metatarsals, and the calcancum. Eighty cubic centimeters of blood 
was aspirated from the dors.al subfascial space and the ankle joint. The circulation 
improved to such an extent that a plaster casing was applied and the extremity elevated. 
The patient soon complained of severe pain, and upon bivalving the plaster the foot was 
found to be discolored and cold. Multiple releasing incisions were considered but not 
done. The leg was elevated higher and a heat cradle placed over it. The circulation 
showed some improvement, but in twelve hours multiple large fracture blisters appeared 
over the foot and ankle. Despite later intensive physical therapy a marked brawny 
swelling persisted for a period of over three months. 

It is believed that multiple deep-fascial incisions should have been 
made in this case. According to Mock ^ such a failure to relieve immedi- 
atel}’’ the subfascial swelling results eventually in a painful foot accom- 
panied b}’’ c 3 \anosis, clammj'- skin, and thickened swollen tissues. The 
convalescent iieriod is e.xtended to an extreme degree and the end result 
is apt to be disappointing. He calls such a result the “congealed” foot. 

Case 4. Colored boy, aged six, was admitted to the hospital twenty-four hours 
after his left foot was run over by an automobile. The circulation to the third toe was 
completely obstructed and he had moderately severe swelling of the forefoot. The toe 
could be moved actively, but was insensitive to stimuli. Twelve hours after admission a 
hematoma was removed from beneath the fascia by longitudinal incision. The skin and 
subcutaneous tissue, as seen at the operation, appeared grayish in color, and devitalized. 
Both the circulation and sensitivitj' returned to the third toe within twelve hours. Two 
days later, however, an area the size of a silver half dollar sloughed out. The ulcer re- 
quired a period of several weeks to fill in with granulation tissue. 

SUMMARY AND CONCLUSIONS 

1. Subfascial hemorrhage of the dorsum of the foot frequently com- 
plicates metatarsal fractures and soft-tissue damage caused by crushing 
trauma. 

2. The cruciate ligament of the foot may act as a constricting band 
in subfascial swelling. This condition was produced in eight feet of 
cadavera injected with dye solutions. 

3. Immediate multiple incisions to release and to remove the sub- 
fascial hematoma is the treatment indicated in severe eases. 

4. Release by transverse section of the cruciate and transverse 
ligaments of the foot and ankle should be considered in persistent circula- 
tory block. 

5. Delayed or inadequate treatment results in the “congealed” 
foot or in necrosis of the soft tissues of the dorsal forefoot and toes. 

Acknowledgment is made for the helpful suggestions of Kenneth C. Farnsworth, 
M.D., of the Department of Anatomy, Harvard Medical School, in the making of this 
study. 
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SLIPPING OF THE UPPER FEMORAL EPIPHYSIS 
End Results After Conservative Treatment 
BA’ M. FORRESTER-BROWN, M.S., M.D.(lOND.), BATII, ENGLAND 


It is the desire of the author to report in this jiaper tlie results of 
treatment for slipping of the u]>ppr femoral oiiiphysis by a conservative 
method. The study is based on her experience with twcnt 3 ’--two eases 
treated at the Bath and Wc.sscx Ortho])aodic Hospital and followed for 
a number of years. No claim is made that this treatment bj' manijnilation 
produces anatomical reduction or jicrfect function; however, it has given 
sufficiently good functional results to warrant reporting, particularlj’^ in 
view of the fact that operative methods of treatment do not bring about 
100-per-cent, “cures”, while some involve a certain risk to life and others 
may damage the articular cartilage. Moreover, it is not jmssible to have 
all cases cared for in the larger centers where more comjilctc equipment 
is available. 

It is impossible to assess the value or the results of a method without 
analyzing some of the features of the ease's treated and the nature of the 
disease. Accordingly, a brief review is ])resentcd of the findings in the 
series of cases under consideration. 

Displacement in adolescents has many features in common with 
fracture of the neck of the femur in the aged, but differs in that there is 
usually no actual separation of the fragments, but only a bending and 
twisting of the cartilage, and particularly a turning of the head backward 
on the neck, which often makes reposition difficult. When anatomical 
reposition is shown roentgenographically, the ]n-oblem of fixation is not 
only one of maintaining exact contact for a matter of weeks, until new bone 
bridges the gap, but also of reducing stress on the cartilage of the weak 
neck until growth and metabolic changes have strengthened it sufficiently 
for weight-bearing and the rough usage of a normal adolescent’s life. 

It shovdd be emphasized that the object of treatment should be to 
obtain a joint whose range of movement, however limited, is through the 
most valuable or important arcs, rather than jierfect reduction as shown 
by the x-ray, with a flexed, abducted, or adducted limb. It has been the 
experience of the writer that, with the technique to be described, there 
has been a tendency toward a slight increase in the range of motion as 
the years have passed ; whereas cases have been reported where good mo- 
tion was obtained by more radical measures, but stiffness has gradually 
developed and good position has not been maintained. 

FACTORS WHICH INFLUENCE THE RESULTS OF TREATMENT 

Metabolic Disturbances 

Endocrine abnormality was evident in nineteen of the authors 
twenty-two cases, with the usual physical signs of excessive weight and 
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lipiglit. Sonio sliowotl iiu'roaspcl sugar tolerance, and most of these im- 
jiroved when treated by thyroid, but in some, benefit was obtained only 
after thyroid had Iieen given alternately with fortnightly courses of injec- 
tions of pituitary whole gland. This treatment was supplemented by 
measures to imjiroi’e the ealeium metabolism and to reduce the weight 
imiioscd on the weaker struct ures. All of the patients were treated in the 
open air, with heliotherai)3’’, and a diet rich in vitamins. 

Of three thin jiatients, one had recovered from a tuberculous knee, 
one had a rheumatic heart, and the other had spasmodic flat-foot. 

Latent Sepsis 

There were three patients with fibrositis and joint stiffness in other 
parts of the bodj’’, three with .septic tonsils which required removal, and 
one with goiter of the adolescent typo. Possibly these factors are only 
in a proportion normal to the child population. 

The factor of sepsis is important, because, if the patient should 
dcveloj) a tendenej’’ to joint stiffness, this might be aggravated by forced 
manipulation of the joint or by operation in and around the joint. 

Vttlnerahilily of Growmg Tissues to Strain in Adolescence 

Tiie influence of growth is one of marked importance. In ado- 
lescents, if weight-bearing can be brought into a good mechanical condi- 
tion, the bone will then reconstruct itself and tend to restore its femoral 
neck and shaft. This tendency is shown very distinctly and prominently 
after Lorenz’s bifurcation osteotomy for congenital dislocation of the 
hip, and the same restorative forces are at work in the healing of any 
disease of the femoral neck and head, provided unfavorable strain can 
be aboli.shed. 

There is no quick cure for a .slipped epiphysis. With the head once 
in favorable position for healing, the position must be maintained for a 
long time, which may not be the same in any two cases. In the author’s 
opinion, it is not until bony trabeculae can be seen unmistakably to cross 
the epiphyseal line from the neck to the head, that safety against relapse 
is assured. Union of the upper epiphysis on the injured side tends to 
occur before it does on the sound side, although it must not be forgotten 
that cases often are bilateral. 

Although this is in a sense a growth disease, it does not lead to any 
appreciable shortening. One-half inch was the average in the author’s 
cases. There was shortening of over an inch in only one patient, and 
that was a boy with a rheumatic heart who grew rapidly while the leg 
was kept in fixation. 

Age at Onset 

Sixteen of the twenty-two cases occurred between the ages of twelve 
and fifteen years. The youngest patients were two overgrown girls of 
ten years ; two were eleven ; and two extremely tall boys were sixteen and 
seventeen respectively. It might be thought that the younger cases 
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would show the host results; whereas, of the four hips which ultimately 
became stiff, two were those of girls of ten and eleven years, treated by 
different methods, and tAvo were of girls of fourteen. 

Interval Between Onset of Syinptoins and Treatment 

The length of time betAveen the onset of symptoms and manipulation 
might be thought to have a great innucnce on the result, but this is not 
borne out by the results in the cases under consideration. 

It is extremely difficult to knoAV Avhat date to consider as the begin- 
ning of the disease, because in practically everj’^ case there had been months 
of vague pain in the groin or doAA-n the lliigh of tlie affecled side, often Avith 
intermittent limping, before the jiaticnt Avas brought to the doctor. In 
most cases there AA’as the usual history of some sudden but rather trivial 
injury. This suggests that the .softening ])rocc.ss in the bone gives rise 
to A'ague discomfort before it AA’cakens the tissues enough for slight trauma 
to cause displacement. 

Bone-Softening 

The existence of generalized and per.sistent Irone-softening in these 
cases is demonstrated by the freciucncj’’ of severe knock-knee as a com- 
plication, much aggravated if there is spasm of the hip adductors. Ten 
patients, both girls and boys, shoAved this complication, and it varied in 
severity from a gap of one and one-half inches to four and one-half inches 
betAveen the malleoli, Avhen the jjatient Avas sealed. When ])laster is 
being applied to the hip, great care should bo taken to see that the 
assistant aa'Iio holds the limljs corrects this deformity as much as possible; 
if one is not careful, his zeal to keep the hi)) abducted results in his pulling 
the tibia outAvard on the femur! The i)rcsence of knock-knee is one of 
the factors that make treatment Avithout abduction of the, hip desirable. 

TECHNIQUE 

In the earlier cases it AA’as considered that a jircliminary loosening of 
the fragments Avas necessary, and in seven cases Kirschner A\dre AA^as 
applied, Avith traction on the femur 1)3'- Aveights of from fifteen to tAventy 
pounds, for three AA'eeks. In four of these cases, the A\-ire Avas remoA'^ed 
under general anaesthesia and the hip manipulated and placed in plaster. 
The other three Avere treated by splinting, as the external rotation and 
flexion of the hip had become corrected under the traction. The x-ra}'' 
results of these cases Avere disappointing, as the onl}'" effect of the heaA^y 
Aveights had been to pull the hip beloAv its normal leAml in the acetabulum 
Avithout affecting the relation of the head to the neck. In aucav of the 
experience Avith these earlier cases, skeletal traction Avas discarded, al- 
though there may be exceptional cases AAdiich Avould benefit by it. In 
the last eleven cases of the series the writer has used the folloAving simple 
technique. 

An anaesthetic is given in almost all cases. With the method of Lead- 
better alAvays kept in mind, an attempt is made to bring the hip into 
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full internal rotation (an amount at least equal to the maximum obtained 
on the sound side), but this can seldom be accomplished except by first 
flexing and then adducting the liip. After this it is usually possible to 
internally rotate the limb into extcJision without losing the internal rota- 
tion, and gentle, stead)’’ pressure may be necessary to prevent its springing 
back into external rotation. This po.sition must be held until the limb 
lies naturally in internal rotation. A i)laster spiea is then ajiplied with 
the limb in this po.sition, maintaining definite extension with a minimum 
of abduction. The foot is included in the piaster. When the ])laster has 
dried, the patient is allowed to walk and to return home for three months, 
at which time he is readmitted for x-rays and ob.servation. If suflieient 
abduction is present, a lateral roentgenogram taken with the limb in 
“frog” position is valuable to show the relation of the head to the neck, 
with the sound side for eomi^arison. Until the epiphyseal line is crossed 
by trabeculae, it is deemed that slipping may recur, and a series of plasters 
are reapplied until this is olitained. 

ni:.si;ET.s 

Eleven patients, .six girls and five boys, have been treated in the 
manner de.seribcd, at periods of from one to three months after onset of 
symptoms in six eases and from six to twelve months in five eases. 

Serial x-rays of these eases every few months for yeans after the 
manipulation show interesting and i)rogres.sive reconstruction of the upper 
end of the femur, by which the line of weight-bearing is gradually defleeted 
into normal lines with increased den.sity of new lrab(’eulae, Avhieh crystal- 
lize in the linos of stre.ss and ab.sorption of jxarts. Tliis crystallization 
is not so evident in the parts which no longer function, like the lowc.st 
quadrant of the head. The \ipper border of the neck resumes its normal 
line, concave downward. The neck does not usually become as long as 
that on the sound side, nor is the head quite normal in shape, and it is 
possible that investigation of these cases twcjity or thirty years hence will 
show an undue projioidion of ostco-arthritics. That may be an inevitable 
sequel of the disease, as of so many abnormalities of the hij). 

In all cases full extension of the hip and internal rotation to neutral 
were maintained; in only one was internal rotation increased even though 
all had been fixed in plaster well beyond neutral. All patients walked 
with a normal attitude; all had some limitation of flexion, but Avere able 
to sit Avithout discomfort. Nine had limitation of abduction and adduc- 
tion, and of external rotation; only one had a full range of motion in all 
directions. 

As regards Avorking capacity, soA’en (three girls and four boys) had 
been at full Avork in the ojren labor market for scA’eral years Avhen recently 
seen, — some as engineers, some in shops, in factories, and in domestic 
work, and one in a timber yard. Two AA’cre attending ordinary schools, 
two had moved to other areas Avhile still of school age, and attendance is 
unknoAvn; tAvo females Averc only helping at home. 
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One boy of twelve years was aclinitted to the Hosjrital with the char- 
acteristic deformitj'^ and endocrine defects, but the x-ray showed no dis- 
placement, only an irregular ejiiirhyseal line, and his symptoms cleared up 
with recumbency and massage, without splinting. When he was allowed 
to go home in one month, he had full rajige of movement which was still 
maintained when seen eighteen months later. This is the ideal result and 
suggests that in this disease, as in so maiiy others, the essence of good 
treatment is early diagnosis, and that ".s])rains of the hip”, like those of 
other joints, should be x-rayed at once and treated as if serious. 

Unless such earlj' diagnosis is jmssiblc, the writer contends that in 
properly selected cases the simjde manipulation and i)ersistent ])laster 
treatment outlined will iwoduce hip joints with good function, and that 
the results comi)are favorably with those of methods more difficult to 
carry out and more dangerous to lib' and limb. 
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MUSCI.E TESTING AROUND THE SHOULDER GIRDLE 


A Study or tuu Function or Shoulder-Blade Fixators 
IN Seventeen Cases of Shoulder Paralysis 

BY SIGNE BRUNNSTROM, M.A., NEW YORK, N. Y. 

From The Hof/iital for the Uuptuted and Cnppled, New York. 

Because of the great number of muscles which directly or indirectly 
jiarticipate in the movements of the shoulder girdle and the arm, it is very 
difficult to determine the specific function of each muscle. When study- 
ing origin and insertion of muscles on a skeleton, or when dissecting mus- 
cles on a cadaver, the exact anatomical position can be learned, and con- 
clusions may be drawn as to 
their probable function. How- 
ever, it has been shown repeat- 
edly that, although a muscle 
may have a perfectly good ana- 
tomical position for carrying 
out a movement, it often lies 
inactive when that movement 
is performed. The function of 
muscles, therefore, must be 
studied primarily on the living 
human body. Careful obser- 
vation and palpation of mus- 
cles on the normal individual 
yield a great deal of informa- 
tion; but for a thorough under- 
standing of muscle action ad- 
ditional studies of paralysis 
cases are imperative. If the 
paralysis involves a number of 
adjacent muscles, as is usually 
the case in poliomyelitis, no 
definite conclusions can be 
drawn as to individual muscle 
action. For this, patients must 
be selected for study who have 
an isolated paralysis of one or 
two muscles, with all other 
muscles intact. 

From the standpoint of 
etiology, the seventeen cases 
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chosen for the study are classified as follows: (1) injury or disease to the 
long thoracic nerve (one case), (2) injury to the spinal acccssoiy nerve 
(four cases), (3) congenital muscular defects (seven cases), (4) muscle 
dystro]Dhy (four cases), and (5) poliomyelitis (one ease). These unusual 
types of shoulder ])als 3 '' affect, those muscles which connect the scapula 
and the clavicle with the main skeleton, d'hesc' muscles have to do pri- 
marily with the movements of the scajnila on the rib cage. Thej’' anchor 
the scapula to the trunk in all movements of the arm, rotating the scapula 
in whatever direction is required for the motion. Without these shoul- 
der-blade fixators there is no control of the scaimla, and the muscles 
acting on the arm become very inefficient. 

The purpose of this pa]icr is twofold: (1) To discuss jjositions and 
movements which to the greatest possible extent bring out isolated action 
of the shoulder-blade fi.xators and which make paljxation of each muscle 
possible; and (2) to show by actual examples the functional disturbances 
Avhich accompany isolated paral 3 \sis of these muscles. 

To avoid misunderstanding, the following definitions are given: 

Upward rotation of the scapxda will mean that the glenoid cavity is 
turned upward while the inferior angle moves awa 3 '' from the sjrinal column. 

Downward rotation of the scapida will mean the re^'erse movement of 
the above. In complete downward rotation the inferior angle of the 
scapula is closer to the spinal column than the superior; bilateral^’’, the 
vertebral borders of the scapulae form the letter V (Fig. 1). 

Tipping forward of the scapula, that the coracoid process is lowered 
anteriorly while the inferior angle protrudes backward. 

Trapezius 

The various portions of the trapezius can easily be seen in normal sub- 
jects because they lie immediately under the skin. To bring out clearly 
the action of all parts of the trapezius simultaneously, one of the following 

tests is suggested : . . r .a 

1, Subject is in a sitting position with the trunk inclined forwara 
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and (he spine in a straight lino; the arms are raised to a horizontal position 
witii the elliows either flexed or extended (Fig. 2). 

2. Subject lies face down with the arms abducted 90 degrees, the 
elbows either flexed or extended, and the arms raised off the floor. 

3. Subject is in a sitting jio.sition with the hands on top of the head. 
The elbows are pushed backward against re.sistance (Fig. 3). 

Anj-^ of these positions will reveal whether there is an absence or weak- 
ness of tlic trapezius as a whole or of one of its parts. The third test 
brings out most clearl}'- the individual parts of the muscle. If any fibers 
of the lower and middle ]iortion are present, they will contract vigorously 
when the subject attemjits to push the elbows backward (Fig. 3). If the 
deltoid is weak, the resistance must be applied directly to the scapula. 

IVlien the whole trapezius is missing and the subject stands with 
arms hanging relaxed at sides, the scapula assumes a downward rotated 
position. The weight of the scapula and the arm, no longer supported 
bj’’ the trapezius, pulls down on the distal end of the clavicle, causing a 
considerable leverage action on the sternoclavicular joint. A subluxation 
of this joint is frequently the result (Fig. 4). An anterior view of a sub- 
ject with involvement of the lower and the middle portions of the trapezius 
often shows a fold in the skin between the arm and the rib cage anteriorly 
to the axilla on the affected side. This skin fold is more pronounced in 
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.subjects with wcll-clevelopod adipose tis- 
.sue. When the lower portion alone is 
mi.‘?.sing, the skin fold may not be veiy 
noticeable, but there is always a tipping 
forward of the scapula, which causes the 
inferior angle to protrude. However, one 
must be careful not to eonelude that all 
children with a protrusion of the inferior 
angle have an absence of the lower tra- 
peziu.s. This condition, Avhen seen hi- 
lateralh% is most often a sign of poor 
jmsture; when j)rescnt unilaterally, a 
lateral curvature of the spine may be the 
cause. 

To test the ui)j)er portion of the tra- 
pezius .se])aratoly, the subject is told to 
draw the shoulder toward the ear while 
.slightly abducting the arm. In normal 
individuals, elevation of the shoulder girdle 
is accomplislu'd through the combined ac- 
tion of the upper trapezius, the levator 
scapulae, and the rhomboids. The up- 
ward rotary action of the former muscle is 
counteracted by the downward rotary ac- 
tion of the two latter muscles. If the arm 
is somewhat abducted while the shoulder 
is raised, the rhomboids and the levator 
scapulae tend to relax, and the movement 
is ]}erformed mainly bj'' the upper tra- 
jjezius. Vice versa, the action of the 
levator scapulae is best studied when the 
.shoulder is raised while the arm is ad- 
ducted. By having the subject alternate 
these two movements (shoulder elevation 
with arm in abduction and the same movement with the arm in adduc- 
tion), one can, through palpation, differentiate fairly well between these 
two muscles. If resistance is offered to the movement, both muscles 
contract in either case. 

Absence of the upper portion of the trapezius causes a characteristic 
change in the outline of the neck and the shoulder which is particularly 
noticeable when the shoulder girdle is elevated. On such cases the 
levator scapulae can be seen in action directly under the skin. The 
posterior border of the distal end of the clavicle likewise can be seen, since 
it is not concealed by the trapezius, and the supraspinous fossa can easily 
be palpated (Fig. 5). _ 

When the lower and middle portions are weak, the scapula canno je 
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hold in jiosition wlion Tost 1 is givon (Fig. 2), and no resistance can be 
given in Test 3. If some fibers are still functioning, they can be seen 
contracting stronglj’’ (Fig. 3). 

In all eases which were observed, 
partial or complete absence of the 
traiiezius caused veiy little, if any, 
functional disturbance. Most Md)- 
jccts were unaware of anj’’ weakness 
and all movements could be per- 
formed without difficult}'. The girl 
shown in Figure 3 had a comiilete ab- 
.sence of the upper trajiczius. j'ct she 
disjilayed no difficulty iu elevating 
the shoulder gii'dlc. Surjirisingl}' 
enough, when resistance was apiilicd 
to this motion, it was found that the 
afifected .side was as .strong as the un- 
afifcctcd. This girl had an almost 
complete absence of the middle and 
the lower portions as well. There 
was a very slight disturbance in the 
.scapulohumeral rhythm, but the arm 
could be raised over the head without 
difficult}'. Since the trapezius defect 
in this case was of long standing (pos- 
sibly congenital), the girl had learned to compensate for the missing muscle 
with great success. The levator scapulae had taken over the function 
of the upiier portion of the trapezius and the serratus magnus was able, 
without the aid of the trapezius, to perform the upward rotary movement 
of the scapula. Loss of the lower portion alone caused practically no 
functional disturbance. On the whole, the observation seems to indicate 
that the trapezius muscle is of ie.ss functional importance than is usually 
believed. 

Serratus Magnus 

The anatomical position and shape of the serratus magnus makes ob- 
servation and palpation of this muscle rather difficult. On thin sub- 
jects some of the lower digitations of the muscle can be seen at their origin 
on the ribs, but when much adipose tissue is present the muscle can be 
palpated only with difficulty. Pushing the shoulder and arm forward 
against resistance or complete abduction of the arm brings it into action. 
A subject with paralysis of the serratus magnus cannot raise the arm 
higher than to a horizontal position, either foi’ward or sideward, even 
though the trapezius and the deltoid are functioning normally (Figs. 6 
and 7). When attempting to do so, the whole vertebral border pro- 
trudes. There is no tipping forward of the scapula and the vertebral 
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border remains parallel to the spinal column. The trapeziu.s provides a 
certain fixation of the scapula, but it is not able to rotate the scapula up- 
ward, hence the arm cannot be raised above a horizontal position. Push- 
ing forward against rc.sistancc, as in assuming a ])rone falling position, 
further exaggerates liie winging of the verteljral border of the scapula. 

Observations of a number of ea<^cs with isolated paralysis of the 
serratus magnus indicate that no other muscle can take over its function. 
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unless the sorratus magnus Avith its grip from the inside keeps the scapula 
flat on the rib cage. The rhomboids may assist in keeping the vertebral 
border of the scainila close to the rib cage, but these muscles have a doAvn- 
Avard rotaiy action on the scapula and, therefore, cannot substitute for 
the scrratus magnus. The trapezius, Avhich seems to haA'^e a good ana- 
tomical iiosition for bringing about upAA'ard rotation of the scapula, does 
not do so to any considerable extent. The serratus magnus seems to be 
able to take OA'er the function of the trapezius, but not Auce A^ersa. This 
makes us conclude that the latter muscle is by far the more important of 
the tAA’o. 

In subjects lacking both trapezius and serratus magnus, there is no 
anchorage of the scapula and neither flexion nor abduction of the arm is 
A’cr}-- successful (Figs. 1 and 
S). An attempt to raise the 
arm sidcAvays brings about 
abduction of the humerus on 
the scapula through action 
of the deltoid, but the scap- 
ula rotates doAvuAvard in- 
stead of upAA'ard. Since the 
scapula cannot be held firm, 
the deltoid pulls the acro- 
mion doAviiAvard, and the 
AA'cight of the arm also con- 
tributes to faulty rotation of 
the scapula. Complete ab- 
sence of the UpAA'ard rotators 
causes a A'^ery serious dis- 
ability. 

Rhomboids 

The rhomboid muscles, 

AA'hen the scapula is in an up- 
Avard rotated position, pull 
the AA'hole scapula, and in 
particular the inferior angle, 
to Avar d the spinal column. 

When completing the doAvn- 
AA'ard rotary moA'ement they 
also tend to eleAmte the 
shoulder girdle. These 
muscles are coA'ered by the 
middle and the loAA'er por- 
tions of the trapezius. They 
can easily be palpated, Iioaa'- 
CA'er, proAuded the trapezius 



Fig. 8 
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Fu!. 9 Fig. 10 


is relaxed. To secure relaxation of the trapezius the subject should 
hyperextend the arm at the shoulder and place the. hand across the back 
in the lumbar region. The examiner in.serts the index finger or the ulnar 
border of the hand beneath the scapula (Fig. 9). This meets with no 
difficulty if the shoulder muscles are relaxed and some counterpressure is 
given from the front. The ])atient is then told to raise the forearm and 
the hand slightly away from the body (Fig. 10). This movement cause.‘; 
the rhomboids to contract powerfully, and the examiner’s finger is pushed 
out from underneath the scaijula. In all normal .subjects the rhomboids 
can thus be ]Dal]3ated, but the mu.sclc is most easily observed in subjects 
lacking the lower trapezius (Fig. 10). If the rhomboids are absent or 
weak, there is an empty space between the scapula and the rib cage and 
tbe fingers are not pushed out when the test is given. A subject with 
weak rhomboids may be able to raise the hand off the back, but with some 
difficulty, in which case the pectoralis minor tips the scapula forward. 
If there is an involvement of the posterior deltoid, the latissimus dorsi, 
the inward rotators of the arm or the flexors of the forearm, the examiner 
must support the arm and the forearm when the test is given. 

If the rhomboids are weakened or completely paral 3 ''zed, and the arm 
is adducted against resistance, the scapula is pulled toward the arm by 
the teres muscles and fails to rotate downward. This test for the rhom- 
boids should be given in addition to the test described above, since it 
presents a very typical picture. However, if the teres muscles are paia- 
lyzed as well, this latter test is of no value. Weakness or paralysis of the 
rhomboids is not noticeable in ordinary elevation and lowering of the arm 
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as Ri-avity assists the downward rotation of the scapula. It is only when 
resistance is applied that a weakness becomes evident. 

Paralysis of (ho rhomboids is fairly common in poliomyelitis, but 
other museh's are very likel}’’ to be involved at the same time. Isolated 
rhomboid jiaralysis or a congenital absence of the rhomboids has not been 
observed by the writer of this paper. 

Pcdoralis Minor 

The jieetoralis minor, originating from the third, fourth, and fifth 
ribs and inserting into the coracoid process, is covered by the pectoralis 
major. By jndling downward on the coracoid process the pectoralis 
minor tijis the scajiula forward, cau.sing the inferior angle to protrude. 
In forced breathing the pectoralis minor comes into action, pulling upward 
on the ribs, and can be felt contracting, a test suggested by Bowenh 
However, in this test one cannot prevent the pectoralis major from tight- 
ening up as well, which makes palpation of the pectoralis minor quite 
difficult. To eliminate the contraction of the pectoralis major the sub- 
ject should assume the same position as that for testing the rhomboids 
(Fig. 9). The e.xaminer places the finger tips just below and medial to the 
coracoid jirocess. If the subject is cooperative and able to relax, the ex- 
aminer can insert the fingers quite deeply and can reach almost under- 
neath the coracoid process without causing the subject any discomfort. 
When thereafter the subject raises the forearm off the back, the pectoralis 
minor comes into vigorous contraction and the fingers are pushed out 
from underneath the coracoid process by the contracting muscle. By 
palpating the rhomboids and the pectoralis minor simultaneously, it can 
be determined whether the tipping forward of the scapula is performed 
b}^ the pectoralis minor alone, or by the rhomboids alone, or Avhether 
both muscles participate. Isolated paralysis of the pectoralis minor has 
not been observed by this writer. 

Levator Scapulae 

This muscle is most easily palpated in subjects lacking the upper 
trapezius (Fig. 5). The almost vertical fibers of the levator scapulae, as 
compared to the more oblique fibers of the upper trapezius, make it pos- 
sible to distinguish between the two muscles in normal individuals also. 
When the shoulders are shrugged, the levator scapulae can be felt behind the 
sternocleidomastoid muscle in the posterior triangle of the neck. A fairly 
good relaxation of the upper portion of the trapezius is obtained if the sub- 
ject presses the arm against the side while elevating the shoulder girdle. 

The levator seems to be perfectly able to take over the function of 
the upper trapezius when this muscle is paralyzed. ^Wiether or not the 
oppo.site is also true — that is, whether the upper trapezius is able to elevate 
the shoulder girdle against resistance in case of paralysis of the levator 
scapulae — cannot be learned from the present study. Xo cases were ob- 
served with this type of paralysis. 
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SUaiMARY 

1. A study of seventeen cases of isolated paralysis of the shoulder- 
blade fixators was undertaken in order to determine the relative impor- 
tance of each of these muscles in arm movements. 

2. Tests for individual muscles are described. 

3. Isolated paralysis of the trapezius, even in cases where the whole 
muscle is absent, does not interfere appreciably with the elevation of the 
arm. The disability is marked only when the subject abducts the arm 
with the trunk inclined forward. 

4. Isolated paratysis of the serratus magnus causes far more disabil- 
ity than paralysis of the trapezius alone, as the subject is unable to elevate 
the arm above a horizontal position. 

5. Paralysis of both the trapezius and the serratus magnus causes a 
very serious disability. The scapula completely lacks fixation, and ab- 
duction of the arm can be performed to a])proximately 60 degrees only. 

6. Isolated paralysis of the rhomboids or the pectoralis minor was 
not present in any of the cases studied. The exact effect of the loss of 
one of these muscles, therefore, could not be determined. In cases with 
weak rhomboid muscles, rc.sistivc adduction of the arm proves to be 
rather difficult, as the teres major pulls the scajHila toward the arm in- 
stead of pulling the arm toward the scaj)ula. 

7. Isolated paralysis of the levator scapulae was not found in any 
of the cases studied. When the upper trapezius is absent and the rhom- 
boids weak, the subject has no difficulty in elevating the shoulder girdle 
against resistance. It seems, therefore, reasonable to assume that in nor- 
mal subjects, too, the levator scapulae is the most im])ortant muscle for 
elevation of the shoulder girdle. 

8. The etiology could not be determined with certainty in all cases, 
but five groups were recognized: injury to the long thoracic nerve, injuiy 
to the spinal accessory nerve, congenital defects, muscle dystrophy, and 
poliomyelitis. 

1. Bowen, W. P.; Applied Aiialom 3 ’’ and Kincsio1og.y; The Mechanism of Muscular 
Movement. Ed. 4, p. 76. Philadelphia, Lea & Febiger, 1928. 
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EARLY REPAIR OF BONE: AN EXPERIMENTAL STUDY OF 

CERTAIN FACTORS * 


BY GEOUGE A. POLLOCK, M.D., ROCHESTER, MINNESOTA 
Assislaril in Orthopaedic Surgery 

AND RALPH K. GHORMLEY, M.D., ROCHESTER, MINNESOTA 
From the Section on Orthopaedic Surgery, The Mayo Clinic 

The loxtiiook dcscrijition of reparative changes following fracture of 
bone focuses the attention of the student on the site of the fracture to the 
exclusion of all other regions. Almo.st invariably an outpouring of blood 
and connective-tissue cells from the medullaiy cavit}'’ and cortex is de- 
scribed, together with an associated proliferation of the periosteum and 
adjacent soft tissues. The blood clot then becomes infiltrated with fibro- 
blasts, which undergo cjdological changes from the cartilage stage to 
formation of adult bone. Certain of these changes do occur, but the 
earliest and most marked reactions frequently take place not onR^ at the 
site of fracture, but along the entire shaft as well. 

The authors’ attention was drawn to this fact in the course of certain 
experiments which were undertaken to investigate the stimulating effect 
of embryonic chick extract on repair of fractures. The microscopic 
appearances noted stimulated them to make a more exhaustive studjL 

METHOD OF STUDY 

Twenty-one mature female rats, each five months of age and weigh- 
ing about 200 grams, were used. The right humerus of each rat was frac- 
tured under anaesthesia at the junction of the middle and lower thirds by 
the method described in a previous article.* Retentive apparatus was not 
used to immobilize the limb. The rats were arranged in three groups. 
Group A consisted of seven normal rats in which the humerus was frac- 
tured. Group B consisted of seven rats which had been spaj’^ed two 
months previousRL *i*aginal smears made prior to fracture of the humerus 
indicated an absence of estrogenic substance in the circulation. The 
rats of Group C corresponded in all details to those of Group B except 
that each rat received 2000 international units of estrogenic substance on 
the second, fourth, and sixth daj'^s following fracture. 

One rat of each group was killed at daily intervals following fracture. 
The humeri were removed and preserved in a 10-per-cent, solution of 
formalin prior to decalcification. Thereafter, the bone was prepared in 
the usual manner for microscopic examination. 

Careful and repeated microscopic examinations of the sections re- 
moved from the first to the seventh postoperative day indicated that the 

* The work was done at the Institute of Experimental hledicine under the super- 
vision of G. M. Higgins, M.D. 
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FlO. 1 

PhotomicioRtapli (X oO) of ti‘'Mie ol)t!iiiiecI on tiie fii*-! po-'fojjciiifive day 
fiom !i spayed rat winch had icccivcd estioRonic sub'-laiice, shows a fibnnous 
suspension bridge stietched acioss the inednllaiy cavity fioin the periosteum 
on one side to tlie peiiosteum on the othei 

rate of formation of new bone, especially the endosteal bone, was increased 
among the rats in Group C which had been given estrogenic substance. 
In an attempt to demonstrate this formation of new bone satisfactorily a 
new series of rats, comparable in age and weight to those of Groups A, B. 
and C, received injections of a 1-per-cent, solution of alizarin prior to and 
subsequent to operative fracture of the right humerus. Si)ccimens of 
bone were removed at daily intervals and filed down on the microtome, as 
this was the only way satisfactory sections could be ])ropurcd. 

In the rats of the last group, a definite zone of formation of new bone, 
as revealed by the pink coloration of alizarin, ajDpeared four days after 
fracture. The solubility of the dye makes permanent prcisarations of 
sectioned material unsatisfactory, and some other method, therefore, is 
required to demonstrate grossly the extent of formation of new bone 
satisfactoriby. 


MICROSCOPIC FINDINGS 

The first specimens, which were examined twent.y-four hours after the 
humeri were fractured, revealed the presence of hemorrhage in the soft 
tissues. At this early .stage a definite capsule uniting the fractured ends 
of bone was not present. Microscopically, the medullary cavit.y was 
isolated by a delicate cellular structure similar to a suspension biidge, 
which was continuous across the region, joining the periosteum on the two 
sides (Fig. 1). This structure, when scon under a high-power lens, ivas 
found to consist of interlacing strands of fibrinous material containing 
lymphocytes, leukoc 3 Tes, and plasma cells (Fig. 2). A fact of some sig- 
nificance, perhaps, was the absence of a corresponding number of red 
blood corpuscles. 
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Fig. 2 


Pliotomirropiiipli ( X 000) of tiwue obtained on the fiist postoperative day 
from a spayed rat wliicli had received estiogenic substance, shows lympho- 
cytes and plasma ccll.s- enmeshed m the middle of the fibrinous bridge. 

In all probability the bridgelike cellular structure was formed from 
fibrin, but it.s appearance suggested that it was composed of matrix, in 
which red blood cells could develop. In other sections strands of perios- 
teum e.xtended across the medullaiy earfity, thereby acting as a seal. 
Along the sides of tlie shaft the periosteum was normal and firmly adherent 
to the underlying bone. 

The gross appearance of the specimens removed two days after the 
bone was fractured was similar to that just described, but in addition the 
soft tissues immediatel.y adjacent to the fractured ends had a whitish, 
rather glistening appearance, were attached to the ends of the bone, and 
seemed to act as a capsule. This tissue was extremely delicate and could 
be torn easil 3 ^ 

Microscopic examination of tissue removed on the second postopera- 
tive da}'’ demonstrated cytological features at the site of the fracture, 
similar to those found twenty-four hours after fracture (Fig. 3). The 
most pronounced change was the increased thickness of the periosteum of 
the entire bone, which was as marked near the surgical neck as it was at 
the site of the fracture. It appeared as though some circulating stimulant 
had resulted in general periosteal hyperplasia. 

Sections of bone removed from the spayrnd rat indicated that a small 
fragment of the cortex had become detached and acted as a plug in the 
medullary cavity (Fig. 4), sealing it effectively. The question arose as to 
whether fusion between this hard cortical plug and the adjacent cortex 
could lead to subsequent non-union. 

Three days after fracture there was little change in the gross appear- 
ance of the specimens from that found on the second postoperative daJ^ 
Microscopically, however, the fibrinlike seal covering the medulla was 
thicker, and apparently invaded by fibrous-tissue cells which had ex- 
tended into the marrow. These sections demonstrated well the conti- 
nuity of this organized plug with the surrounding periosteum (Fig. 5). 
The periosteum was markedly thickened, and at positions well removed 
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from the site of injurj'' it revealed the ])reRence of young osteoid tissue (Fig. 
6). At the site of the fracture the soft tissues had been infiltrated by 
round cells and leukocytes; young blood vessels had made their appear- 
ance in the marrow and it seemed that a concentration or perhaps pro- 
liferation of megakaryocytes in these regions had also taken place. Young 
osteoid tissue had developed from the endosteum and stretched down 
toward the extremity of the bone. 

The sections prepared from the specimens removed four days follow- 
ing fracture of the humerus were .similar to those described i)reviously, 
but in a slightly more advanced stage of development. In addition, a 
few osteoclasts were seen at the ends of the bone. Osteoid tissue was not 
present between or in the soft tissues adjacent to the fractured ends. 

By the fifth day a fairly wcll-develo])cd cajisule united the ends of the 
bone. This capsule had a whitish, glistening appearance, and was much 
more tenacious than that described in the specimen removed two days 
after fracture. Subperiosteal osteoid tissue developed at sites well re- 
moved from the fracture and small islands of young cartilage aj^pcared, 
but they were secondary in size and date of origin to the osteoid tissue. 

Well-developed endosteal bone rapidly scaled the medullary cavity, 
and in relation to it young blood ve.ssels were seen in the marrow. Osteo- 
clasts or fused bone cells liberated from the fragmented ends of bone also 
were present. 

The specimens removed on the sixth postoperative day revealed fur- 
ther development of the features just described (Fig. 6). Subperiosteal 
and endosteal formation of new bone was marked, and in the former the 
development of cartilage was recognized. A more definite scaling of the 
medulla was noted and in the surroxinding tissues a i-eversal to a more 
embryonic type of cell was apparent. 

By the seventh postoperative day the ends of bone were united by a 
comparativel.y tough capsule composed of closely packed and elongated 
fibroblasts. In some instances this capsule was bilocular, as it was divided 
b}'’ a central septum into two cavities, each one adjacent to the fractured 
end of one of the fragments of bone but separated from its medullary 
cavity b}" the endosteal plug. The cavities contained a network of inter- 
lacing fibers, the interstices of which were filled with amorphous debris. 
The Avails in certain regions disclosed the presence of myxomatouslike 
cells. When the Avails Averc cut, a sanguineous fluid exuded from the 
cavities. It is possible that Avithin this capsule nature has developed a 
small chemical factory in AA'hich the hj’^drogen ion is controlled and bone is 
dcA'eloped. 

The development of subperiosteal and endosteal osteoid Avas AA'ell 
demonstrated in all the sections made on the seventh postoperative day. 

COMMENT AND CONCLUSIONS 

Sealing of the medullary cavity appears to be one of the first steps m 
the healing of a fracture. This may be produced by (1) a strand of peri- 
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ostouni, (2) a IrukI of fibrin, or (3) a fibrinousliko plug produced by mass 
deslrucf ion of Ihe red corpuscles. The .seal is continuous across the cortex 
with the periosteum, and later becomes infiltrated by fibrous-tissue cells 
from this membraiu'. In other cases, however, these cells may arise 
from the marrow or develoj) directly from the lymphocytes caught in 
meshes of this fibrinous medullary cap. 

By the second day, the j)eriosteum from the site of fracture to the 
neck of the humerus is thickened. 3''hi.s would appear to be the result of a 
general stimulation rather than that caused b}" local trauma. the 
third day, osteoid tissue has developed subjjeriosteally in regions well re- 
moved from the fracture. At the .same time, osteoid tissue which has arisen 
from the endosteum, has also made its appearance at the fractured ends 
of the bone and, in conjunction with the original fibrinous plug, formed a 
more efficient seal for the medullary cavity. The development of this 
subperiosteal bone along the entire shaft was one of the most interesting 
features of this study. 

The authors were not able to demonstrate anj^ appreciable differences 
in the early stages of reiiair of bone in the three groups, but gained the 
impression that injections of estrogenic substance stimulated production 
of endosteal osteoid tissue. The insertion into the medullary cavity of a 
small j)lug of dense cortical bone as occurred in one of the cases could pre- 
dispose to non-union. 

1. Pollock, G. A.; Tlie Effect of Tlieelin on Fracture Repair. Proc. Staff Meet., 

Mayo Clinic XV, 209, 1940. 
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LONGITUDINAL FISSURES IN THE VERTEBRAL 
ARTICULAR PROCESSES 

BY ALBERT OPPENIIEIMEU, M.D., BEIRUT, LEBANON, SYRIA 

From the Department of liocntgenology, School of Medicine, American UnirerRity of Beirut 

Raclioluccnt gaps in the neural arch and its processes arc known to be 
duo to persistence of cartilaginous union and failure of Iiony union between 

jiarts which arise from distinct centers of 
ossification. Most of these so-called fis- 
sures are in tin; laminae, in the isthmus 
lietween tlie superior and inferior articular 
jiroce.s.se.s, and at the lij) of the inferior 
articular processes of the lumbar verte- 
brae. An additional fissure, apparently 
not yet recorded, was found in four per- 
sons. In each of them, it was associ- 
ated with gaps at the tips of the artic- 
ular proce.ss and, in one patient, with 
gaps in both the isthmus and the lamina 
of the same vertebra. It extended 
from the region of the isthmus along 
the longitudinal axis of the articular 
proce.ss down to the gap at its tiji, the 



Fig. 1-A 



Fig. 1-B Fig. 1-C 

Anteroposterior (Fig. 1-A) and oblique (Fig. 1-B) views of the mid-lumbar 
region of a man, aged thirty-two, examined for hematuria. The right third in- 
ferior lumbar articular process h.as a gap at its tip and a longitudinal fissure 
with irregular outlines. Tlie two gaps are retraced for better demonstration m 
Fig. 1-C. Therearenosymptomsreferabletothespine,oranyhistorj'of trauma. 
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Fir., 2-A Fig. 2-B 

Anteroposterioi- (Fig. 2-A) and oblique (Fig. 2-B) views of the lower lumbar 
region of a man, aged .sixty-four, examined for a tumor in the epigastrium. There 
weie no signs or s 3 'mptoms of vertebral disease, and no historj' of trauma. Note 
gap formations in the inferior articular processes of the third and fourth lumbar 
vertebrae, with longitudinal fissures (outlines retraced), 

two fis.sures standing at right angles (Figs. 1-A, 1-B, and 1-C). In all the 
cases the outlines of the longitudinal fissure were irregularly serrated, 
which suggested a fracture line. None of the patients, however, remem- 
bered having incurred an injury, and there were no signs or symptoms 
whatever referable to the spine. The gaps were discovered accidentally 
in roentgenograms of the digestive or urinary tract. Since there is only 
one center of ossification for the main part of each articular process, ac- 
cording to present knowledge, it would seem difficult to account for the 
longitudinal gap by a developmental failure of bony union. However, the 
constant combination with a second gap known to be due to such a failure, 
together with the absence of a history or clinical signs of trauma, is in 
favor of a developmental anomaly. These longitudinal fissures are rare, 
their incidence being in our observations as low as that of aplasia of ar- 
ticular processes, — namely, 0.09 per cent, of all spines examined. 

The sole significance of the longitudinal gaps would seem to lie in the 
fact that they look like fracture lines. Fractures of the articular processes 
are rare, most of them being combined with fractures of other parts of the 
vertebrae. The writer has observed only three cases of fracture of an 
articular process without other vertebral lesions; in each of them, the 
clinical signs and symptoms were definite and the trauma had been .“-evere. 
Two of them had radicular neuritis with atrophy of the corresponding 
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muscles and bone, and in all the cases the mobility of the spinal section 
involved was greatly diminished. The fact that a longitudinal fissure 
resembling a fracture line may exist in the complete absence of clinical 
manifestations may be worth recording, since increasing importance is 
given to roentgenographic findings in deciding on questions of treatment 
and of compensation after some relatively slight injury. One may easily 
be inclined to ascribe s3uni)toms to such a formation, when the}' are per- 
haps due to some other cause, — for instance, to a simple strain or a post- 
traumatic neurosis. 
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CALCIFICATION AND OSSIFICATION 


II. CoNTHOli OF C.\LCIFIC.\TION IN THE FrACTURE CaLLUS 

IN Rachitic Rats * 

BY MARSHALL R. URIST, M.S.f , BALTIMORE, MARYLAND, AND 
FRANKLIN C. MCLEAN, M.D., CHICAGO, ILLINOIS 

From the Johns Ilophins Mcdicnl School, Baltimore, Maryland, arid the Department of 
Physiology, University of Chicago, Chicago, Illinois 

In tlic preceding pajicr we have described the progress of calcifica- 
tion in tlic fracture callus of normal rats. For the purpose of analyzing 
tlie process of calcification, observations upon normal animals have 
definite limitations. Calcification occurs simultaneously with osteogene- 
sis, + and there is no possibility of controlling it, or of observing the 
processes of osteogenesis and of calcification separately. To a very con- 
sideralile degree these difficulties are avoided in the case of low-phosphate 
rickets. If this form of rickets may be regarded as primarily a phosphate 
deficiencj'' the results obtained may be safely transferred to the inter- 
pretation of processes occurring under more normal conditions. Calci- 
fication and healing can lie induced in low-phosphate rickets in the rat by 
the administration of phosphates; and the healing so obtained is com- 
parable with that produced by the administration of vitamin D 

I. HEALING FRACTURES IN UNTREATED FLORID RICKETS 

Experimental studies concerned with the relationship of diet to the 
healing of fractures hai'c been reviewed by Goisman and Compere. 
Erdheim; Downs and McKeown; Ham, Tisdall, and Drake; and Compere, 
Hamilton, and Dewar have described decalcified histological preparations 
of healing fractures in rachitic animals. Pappenheimer observed frac- 
tures in rachitic rats, in sections stained by the von Kossa method after 
partial decalcification in Muller’s fluid. 

Rats were weaned to the Steenbock-Black rachitogenic diet No. 
2965 at the age of twenty-one days and were given fractures at the age of 
seven weeks. The animals were sacrificed at daily intervals from one to 
fifteen days following the fractures and at two-day intervals thereafter. 
The series of preparations includes the bones of five litters of rats with 
florid rickets and the fractures in untreated rachitic rats used as controls in 

* This work was aided by a grant from the Josiah Macj', Jr., Foundation. 

t Heniy Strong Denison Scholar for 1940-1941. 

i Properly speaking the terms osteogenesis and ossification include the calcification 
u’hich is an essential part of the formation of bone. In order to avoid confusing circum- 
locutions we have at times separated these meanings, so that osteogenesis and ossification 
are used to designate the formation of osseous tissue, without regard to its state of calci- 
fication. Similarly we have used the terms osteocj'te, osteoblast, and osteoclast to 
designate particular types of cells, without reference to whether the osseous tissue with 
which they are associated is calcified or not. 
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twenty other experiments. The tcchniquc.s emjhoyed in this study were 
those previously deseril^ed -®. 

In rachitic rats the healing of fractures begins as it docs in normal 
rats with the important difference tliat llio healing process proceeds in 


Fins. 1-lS 

Fikuics 1-18 arc cliap;riurmiatio rcprc'^cntations of dcpo'-it.s of bone '^alt in rachitic 
bones with healing fiacturc'.f 



Healing fractures in untreated rickets. Fig. 1; after two days; Fig. 2; four days. 
Fig. 3; eight daj's; Fig. 4: twelve days (note beginning spontaneous calcification i 
subperiosteal and subendosteal osteoid); Fig. 5; twenty daj's; and Fig. 6: 
at twenty-eight days, with considerable spontaneous calcification in the calius an 
none in the epiphyseal cartilage or metaphysis.* 

t For similar diagrams of healing fractures in normal rats, see Urist and McLean 
* See ke 3 ’' on page 285. 

THE JOURNAL or BONE AND JOINT SUBGEEY 



CALCIFICATION IN KUACTUHES IN RICKETS 


285 


llic coinjilotc nb.spiico of calcification of the newly formed tissues for the 
first (on (o fifteen days following the injury (Figs. 1, 2 , 3, 20, 27, and 31). 
There is (he same initial inflammatoiy response to the injury, resulting in 
the formation of the fibrocartilaginous callus in and around the fracture 
line. There i.s the same formation of o.sscous tissue under the periosteum 
and the endosteum, beginning at some distance from the fracture line, 
elevating these membranes, and advancing toward the callus mass. In 
the early stages of healing the osseous tissue is indistinguishable from 
similar tissue formed in the animal on normal diet, unless stained to 
detect (he absence of calcification. 

The differences in the reaction of the rachitic animal to a fracture 
from those of a normal animal with a similar injury, exclusive of the state 
of calcification, begin to be ajiparent by about the fourth to the fifth day 
following the fracture. At this time, in the normal animal, the new intra- 
membranous bone, formed under the periosteum and the endosteum, has 



Healing fractures in rickets four days after fracture following a single dose of 
one-tenth molar of phosphate solution, 2.5 cubic centimeters per 100 grams 
body weight. Fig. 7: four hours after administration of phosphate; Fig. 8; 
twelve hours; Fig. 9: twenty-four hours. Note increasing calcification in epi- 
physeal cartilage and beginning calcification in subperiosteal and subendosteal 
osteoid.* 



Normal shaft 


Beginning calcification 


Osteoporotic shaft 



Calcified cartilage 



Spongy bone 


Old calcified trabeculae with oste- 
4 oid borders. 

^ V 


Light broken lines represent the usual limits of epiphj’seal bone, epiphyseal cartilage, 
rachitic cartilage, and chondro-osteoid, spongiosa, and fracture callus, respectively. 
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HciiliiiK fractui'o.s after clailj’ dose.-i of plio.';j)liatc, hcKiniiing witli tlie fourth 
day of healing. ^ Fig. 10; after five day.'; of healing; h'ig. 1 1 : eight day.<; Fig. 12; 
twelve days. Note increasing calcification in callus, mctaphy.sis, and epiphyseal 
cartilage.* 


gained contact tvith the fibrocartilaginous callus, and removal of the 
latter with its roidacemcnt b}’’ bone is well under way. The fibrocartilagi- 
nous callus consists at this time of undifTeronliated don.so connective 
tissue, of fibrocartilagc, and of hyaline cartilage in ^•arious stages of de- 
velopment. All of these tissues, in the normal animal, are invaded bj'’ the 
new osseous tissue with equal ease, and their removal proceeds over a 
wide front with some differences in detail according to the tissue being 
invaded. At the same time, in the rachitic animal, the callus con.sists of 
the same tissues, and is microscopically indistingnishable from the callus 
in the normal animal. There is, however, in the rachitic animal, a marked 
lag in the processes of rej^lacement of the callus tissues by the newly 
formed osseous tissue, and the details of this difference in behavior, and of 
its correction when treatment leading to deposition of bone salt is insti- 
tuted, indicate the degree to which the processes in the normal animal arc 
dependent upon the orderly progress of calcification. 

Park has described the process of cartilage remoAml in the rachitic rat 
as an invasion of the cartilage by capillary "bushes”, loading to its re- 
placement by uncalcified "pseudo-osteoid”. In rachitic animals, as in 
normal animals, there are inrmsion and replacement of the epiphyseal 
cartilage plates. The essential difference in rickets is that, in addition to 
the failure of the cartilage matrix to calcifj'', invasion by the capillary 
"buds” or bushes occurs over a front of several rows of cartilage cells to- 
gether, instead of invasion of the rows singly. Also, instead of only 
cartilage matrix, stripped of its cells, being left, there are columns of ciirf- 
ilage, of varying widths and thicknesses, in which cartilage cells persist. 

* See key on page 285. 
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As in normal infrncarfilaginous ossification, tliere is apposition of osseous 
tissue upon a framework of tissue derived from the epiphyseal cartilage. 
In rickets (his ti.ssue is uncalcified o.steoid, and it is laid down upon the 
persisting remnants of cartilage which, as stated above, include cartilage 
cells. The re.siilt is that the rachitic metaphysis is made up of uncalcified 
trabeculae, which include cells with the arrangement and some of the 




Healing fractal es after clailj" doses of phosphate, beginning with the eighth day 
of liealing. Fig. 13: after ten days of healing; Fig. 14: sixteen daj's; Fig. 15: 
partial union at twenty-four days.* 




Healing fractures after the forced administration of the maximum amount of 
phosphate tolerated, beginning on the eighth daj' of lieahng. Fig. 16: after ten 
day? of healiijgj Fig. 17.' eleven and one^iialf days;^Fig. 18: twelve and three- 
quaiteis daj's. Note rapid increase in calcification.* 

* See key on page 285. 
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Fig. 19 

Pliotomicrograpli (X 8) of longitu- 
dinal section through undecalcified 
tibia, ten days after fracture, of a lat, 
fift 3 ’’-nine days of age, which was 
weaned at twenty-one days to Steen- 
bock-Black rachitogenic diet No. 2965 
supplemented by 2-per-cent, cod-hver 
oil. The epiphj'^seal cartilage appeals 
sonfiewhat wider than normal. There 
is delay in calcification in the epi- 
physeal cai tilage, metaphj^sis, and sub- 
periosteal new bone. Silver nitrate- 
hematoxjdin-eosin stain was used in 
this and the following specimens. 


morphological eharacteri.stics of 
the epiphj^seal cartilage cells, and 
which are encased in osteoid. The 
fate of these cartilage remnants 
has been considered in detail by- 
Dodds and Cameron and need not 



Fig. 20 

Photomicrograph (X 8) of longitu- 
dinal section through undecalcified 
tibia, ten daj's after fracture, of a tat, 
fiftj'-nine daj's of age, which was weaned 
at t\\ enty-one daj^s to Steenbock-Black 
rachitogenic diet No. 2965. There is 
complete absence of calcification in the 
epiphj'^seal eartOage, metaphj^sis, and 
callus, Cr, cartilage in process of le- 
moval, rachitic type; Cen, paitially en- 
capsulated cartilage, not being removed; 
Os, subperiosteal osteoid, in contact 
with callus cartilage. 
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ho (locnlx'd licri*. 'I'lu* ivicliific mc<;ipli.y.sis as a whole is a mixture of 
unealcified (issues d('rived from earlilame and from the osteogenic cells of 
(he advancing horn' marrow. 'Phis (issue was called "chondro-osteoid” 
I).v von Heclvlinghauseii and we shall use (he (crm for this atypical tissue 
arising in ho(h (he me(ai)hysis and (lie callus. 

'Phe jn'oeess, jus( descriiied, of iidracartilaginous o.ssification from 
(he epiphyseal car(ilage. is duplica(ed in (he callus cartilage in rachitic 
animals (Fig. .81). Ihi(, jus! as (lu're is a delaj’' of .some days'* in the 
ini(ia(ion of (his jirocess in the epipln'.seal car(ilage following the onset of 
riclce(s. .so (here is a lag in i(s ini(i;i(ion in (he callus of the rachitic animal. 
Under (he mos( favorable coiulifions for its initiation and progrc.ss, which 
are (ha( (he new iipramemhranous o.s.scous ti.ssue is in contact with the 
hyper(rophie car(ilage, (lu* growdi of Inids or bushes into the callus carti- 
lage docs no( begin uidil about (he ninth or twelfth day after the fracture. 
From (his (ime on (he jiroccss maj" progrc.ss rapidly, eventually leading to 
comple(e replacemcid of (he callus cartilage with chondro-o.steoid, and to 
actual union across (he frac(ure line. The picture, however, is compli- 
cated I33' the occurrence of spontaneous calcification as described below. 

In man.y instance.s, there is an additional factor which further compli- 
cates and delaj’s (he jiroce.ss of rejilacement of the callus by osseous tissue. 
It has been staled above that in normal animals the new osseous 
tissue invades undifferentiated fibrous tissue, fibrocartilage, and hyaline 
cartilage with eciual ease. Consequently when fibrous tissue or fibro- 
cartilage lies between the advancing bone and the hyaline cartilage of the 
callus, this intervening tissue is early replaced by bone, and offers no 
barrier to the advance of the osseous tissue. In the rachitic animal, 
however, invasion of connective ti.s.sue or of fibrocartilage, if it occurs at 
all, is accomjilishcd slowl}^ and after con.siderable delay. During the 
period of delay incident to the invasion of the callus cartilage, the latter 
frequently becomes embedded — one might almost say encapsulated — in 
dense connective tissue and fibrocartilage (Fig. 20). This encapsulation 
not only forms a barrier to the replacement of the callus cartilage by 
osteoid tissue, but it also forms a barrier to the resumption of the normal 
healing process Avhen calcification of the callus is instituted by suitable 
means. This latter influence of the encapsulation of the callus cartilage 
is considered in detail in the following sections. 

Spontaneous Calcification in the Callus 

The processes just described, in the absence of calcification, tend 
toward the union of the fracture by the formation of a callus composed of 
osteoid ti.ssue. Before this point is reached, however, the process is modi- 
fied by the deposition of bone salt in the callus. 

As stated above, the callus in florid rickets is characterized bj'’ a 
complete absence of bone salt during the first ten to fifteen days of its 
development. At about this time, however, there appeared regularly in 
our experiments (Figs. 4, 5, and 6) a beginning calcification in the osteoid of 
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TABLE I 

Initiation of Calcification in the EpipnYSBvi.CAnTiL\GB, Metapiiisis, C vllus Osteoid, 
AND Callus Cartilage in Rachitic Rats, Fodloas’ing Intiiapeuitoneal Administration 
of a Single Dose of M/10 Phosphate Mixture, 2.5 Cubic Centimeters (7.5 Milligrams 
Phosphorus) per 100 Grams or Boda- Weight 



Number of 

Tot.al 

Number of 


Nea\ CALCiriCATION 



Days 

of 

Number of 
Days 

II outs 
after 





Group 

Epijiliyseal 

Motaphy‘-is 

Callus 

Callus 


HeahiiK 

on Diet 

Injection 

CartilaRO 

Osteoid 

Cartilage 

A 

0 

28 

0 



_ 




0 


8 

— 1 

_ 




0 


24 

+ 

— 




0 


24 


— 



B 

3 

31 

0 

1 

— 

— 

— 


3 

1 

' 8 

— 

— 

— 

— 


3 


8 1 
12 

+ 


— 

— 


3 


21 

+ 

+ 

+ 

— 

C 

i 4 

32 

0 1 
4 

— ! 

— 




1 4 

4 

i 

b 

10 

— 

: 




4 


12 ' 

— ! 

— 

- 

- 


4 

1 

14 i 

+ 

— 

- 

— 


4 


21 1 

+ 



— 

D 

0 

33 

0 ! 

— 

— 

- 

— 


5 


1 

— 

— 

— 

— 


5 


2 

— 


- 

— 

1 

0 


3 

— 

— 

— 

— 


0 

! 

4 

+ 

— 

— 

— 


0 


5 

+ 

— 

— 

— 


5 


G 

+ 

+ 

— 

— 


5 


b 

+ 

+ 

+ 

— 

E 

7 1 

35 ' 

0 

— 

— 


— 


7 

i 

14 

— 

— 

— 

1 


7 ' 


21 

+ 

rl- 

+ 

1 

F 

b 

30 

0 

— 

1 — 

— 

1 


b 


0 

— 

— 

— 

— 


b 


0 


— 

— 



b 


24 



+ 

— 

G 

10 

38 

0 

_ 

— 

-U 



10 


0 

— 

— 

"T 

— 


10 


0 

— 

1 ~ 

+ 



10 

1 

4 1 

— 

— 

+ 

— 


10 


12 1 

— 

— 

+ 

— 


10 


24 1 

— 


+ 

— 


12 

40 

4 

— 


+ 



12 


8 

— 


+ 

— 


12 


24 

— 

1 — 



H 

12 

41 

0 

— 

1 __ 

+ 



15 

43 

0 1 

— 

■ — 

-f -f 



15 


0 

— 

— 

+ + 


I 

16 

44 

0 


— 

+ + 



20 

48 

0 

— 

— 

+ + 



26 

54 

0 

— 

— 

+ + + 

+ 


2S 

56 

0 


— 

+ + + 

+ + 


days following a fracture and thirty-eight days on the rachitogenic le i 
was more difficult to initiate calcification in the epiphyseal cartilage ( lo- 
27). Later, frequently after fifteen days, there appeared spontaneous 
calcification in the callus osteoid. The density of the deposit in the ca 
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osteoid increased U)) to tweiity-i'iniit days following the fracture, and in 
animals examined twenty-six and t went3’’-eiglit da 3 ^s after a fracture there 
was also spontaneous ealeifieation in the matrix of the callus cartilage. 

In one litter of rats (Group D, Table I) the bones were studied by 
means of unfixed, hand-eut, quiek-slaincd (10-per-cent, silver nitrate) 
sections. In these preparations calcification was observed as reported by 
McLean and MeCoj', using the .same method. Calcification in the epi- 
])h.ysoaI cartilage was seim at four hours, in the osteoid of the metaphysis 
at six hours, and in the callus osteoid at eight hours. 

in. CONTHOn OF CALCIFICATION BY CONTINUED ADMINISTRATION 

OF PHOSPHATE 

In the first series of experiments to be reported in this section, daily 
injections of jihospliate wine liegun eitlier before or at the time of fractur- 
ing, or on the fourth daj" following the fracture, and continued for several 
da 3 \s. As the state of the rachitic ej)iph 3 ’'.seal cartilage and of the rachitic 
metaph 3 'sis was almost identical in all of the animals, and as the response 
to the administration of jiliosphate was uniform this response may be 
described first. 

Witliin twent 3 ’’-four liours after the injection, calcification was initi- 
ated in the epiph 3 ^seal cartilage, in the form of the “line test’’, as described 
above. Within forty-eight liours, and following two injections of phos- 
phate, calcification was usually observed in the osteoid zone in the metaph- 
ysis, and in the osteoid borders on the old trabeculae of spongy bone at 
the junction of the rachitic metaphysis with the shaft. With further 
dose-s deposition of bone salt continued from both directions toward the 
central portion of the metaphysis, mainly chondro-osteoid, leaving this 
portion as the last .site to be calcified or removed in the process of regener- 
ation of the .spongiosa (Figs. 7, 8, 9, 10, 11, and 12). 

Shortly after calcification begins in the cartilage, orderly penetration 
and removal of cartilage by advancing capillaries begins. These phenom- 
ena constitute the beginning of healing of rickets, which follows and de- 
pends upon calcification, but which is recognizable as distinct from the 
calcification process itself. A definite time interval elapses between 
calcification and the cellular evidences of healing, so that calcification may 
be observed without healing, but as will be reported elsewhere, we have 
never oliserved the cellular evidences of healing without calcification. 

Injections of Phosphate from the Fourth to Ninth Day and from the Fourth 
to Twelfth Day Following Fractures 

As described above, calcification in the subperiosteal and subendos- 
teal callus osteoid was initiated within twenty-four hours after a single 
dose of phosphate. Daily injections were continued and the animals 
were sacrificed at daily intervals to the ninth day. The deposits of bone 
salt showed a gradual increase in density and in area of distribution (Pigs. 
10, 11, and 12). After the second injection, many of the dispersed de- 
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purpose was a mixture of 80 per cent, of one-tenth molar secondaiy sodium 
phosphate (M/10 NasHPO-i) and 20 per cent, of primary sodium phos- 
phate (M/10 NaH 2 P 04 ), of A\'hich the hydrogen-ion concentration at 38 
degrees centigrade corresponded approximately to jjH 7.35. The stand- 
ard dosage emplojmd was 2.5 cubic centimeters (containing approximately 
7.5 milligrams of phosphorus) per 100 grams of rat weight. This dose is 
subtoxic for rachitic rats, rarel.y resulting in the death of an animal in 
tetan 3 ^ Increasing the dosage did not shorten the time required for ini- 
tiation of calcification in such animals as survived the larger dose (Group 
R, Table 11). 

Calcification 

As previously shown administration of the standard dose of phos- 
phate results in a zone of calcification in the matrix of the epiphyseal 
cartilage, tjqncal of the “hire te.st”, within twenty-four hours or less. In 
animals examined from twenty’’-four to forty-eight hours after adminis- 
tration of phosphate and from five to six daj'^s following a fracture there 
was also beginning calcification in the callus, limited to the subperiosteal 
and subendosteal osteoid. In pro])arations fixed Avith neutral formalin 
and stained Avith silver nitrate, the initial do])osit Avas seen as Avidely 
dispersed rosette-shaped ciystals (Fig. 25). In prci)arations frozen and 
dried by the Altmann-Gorsh method the deposit Avas in the form of fine 
non-crystalline granules (Fig. 24). The distribution of the deposits in 
the callus Avas the same after each method of fixation. 

Silver staining of the early depo.sit of bone salt cannot be said to 
demonstrate the exact stage of aggregation of the salt, but undoubtedly it 
does demonstrate the density and distribution of this mineral. IVe haA^e 
compared the localization of the bone salt, as demonstrated bj’’ the silver 
method described, AAuth that shoAvn by inira vitam staining bj'- sodium 
alizarin sulfonate, by obserAmtion of unstained sections Avith the aid of 
polarized light, and AAuth the fluorescence seen in calcified areas in ultra- 
violet light. In all cases the distribution of the bone salt Avas seen to be 
identical. 

Initiation of Calcification at Variovs Stages of Healing 

Table I illustrates the results of a scries of experiments designed to 
inAmstigate the relative receptiAuty, at Amrious stages of fracture healing 
and at various intervals during the jreriod on deficient diet, of the gmAAing 
osteoid and cartilage to bone salt, in both the rachitic metaplysis an 
the callus. The rats AAmre gtyen a single injection of phosphate as describe 
aboAm and Avere killed at intei’Amls up to tAventy-four hours folloAving t le 
administration of the phosphate. _ . ^ 

Table I sIioaa^s that after the callus had dermloped a calcifiable ma nX; 
at three to four days folloAAung a fracture (Figs. 7, S, and 9), 
depo.sit of bone salt was seen in the subperiosteal osteoid some 
eight hours later than in the epiphyseal cartilage (Fig. 26). A tei 
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Fig. 21 


Photomiciogiaph (X S) of lonpi- 
ludinal .section through the undc- 

1 deified tibia, twelve and onc-half 
lays after fiactuie, of a rachitic lat 
which had been injected daily with 

2 ,5 cubic centimetei b of one-tenth 
molar of phosphate mixture pei 100 
ffiams bodj' weight fiom the tenth 
to the twelfth day of healing. 
'I here is eaily calcification and 
healing in the epiphyseal caitilage, 
rachitic metaphysib, and callus. 



Fig. 22 


Photomicrograph (X 8) of longitudiin 
section thiough the undccalcified tima, 
twelve days after fiactuie, of a 
lat which had been injected daily with 2.o 
cubic centimetei s of one-tenth molar 
phosphate mixture per 100 giains of bod} 
weight from the fouith to the twelfth da) 
of healing. There is advanced calmbca- 
tion and healing in the epiphyseal caiti 
lage, metaphysis, and callus. 


the callus, without a corresponding process in the epiphysea cai i 
rachitic metaphysis. In order to distinguish this calcification 
induced by the various procedures to be described latei v e la-A e 


nated it as s'pontaneous calcificatioji. _ , 

Spontaneous calcification appears first in the subpeiiostea 
endosteal osteoid at the tenth to the fifteenth day following le .j^ 
It continues thereafter at a very slow rate. In the 
of the callus the time of appearance has been less regular, usua y 
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l’li(i1<)inirr<>cr;i])Ii (X S) of loiiuittidiiml 'fclioii tlirouRli the undocalcified tibia, 
Iwcnly-two and oni-lialf day.- after fiai-tiiio, of a lacliitie rat which was injected 
daily with 2.ri cubic centinii'ler.- of one-tenth molar of plio-phate mixture per 100 
firain- of body weiuhl from tlie fifteenth to the tuenty-fir.st day. Hiere is heavy 
calcification and bepinniiiK of union in the fracture callu-. Interruption of the 
healing of ricket- i- ri'vealed by failure of calcification and resumption of the 
rachitic typ’o of cartilaire removal in the epiphj'.-eal cartilage. 


from al)ou( llu* 1 wciiI'k'IIi to the tweiitj'-fiftli cla 5 % by which time the 
.siilipcrio.stcal ctillii.s .sliowx ;i widely di.striliuted clepo.sit. As in the case 
of induced ealeifietilioii, de.scribed in I ho following pages, progress of cal- 
cifiealion into the ealln.-- cartilage is dela 3 ’^cd by the encapsulation of the 
cidltis cartilage bj' dense connective tis.sue and fibrocartilage. 

"flic nieehtinism of tliis s])ontaneou.s calcification will be considered 
further in a Iat(‘r iitiptu'. '^fliis form of calcification is not capable of con- 
verting the ctdlus osteoid into fullj'^ calcified bone (Figs. 4, 5, and 6). 
^'he amount of bone stilt deposited is so slight, and the proce.ss is so grad- 
ual, that, in ordinaiy roentgenograms, as shown in the illustrations of the 
IJajiers of Ham, 4'isdall, and Drake; and of Compere, Hamilton, and 
Dewar there is no e\’idence of calcification throughout the first twenty- 
five da 3 ^s of healing. In time the callus diminishes in size, is reorganized, 
and usually, about ten to twont 3 '’ da 3 'S after union of the fracture vould 
occur in normal animals, the densit 3 ^ of the calcium salts increases suffi- 
ciently to become radio-opaque. 

II. INITIATION OF CALCIFICATION IN THE CALLUS BY .•VDMINISTKATION 
OF A SINGLE DOSE OF PHOSPHATE 

Initiation of calcification in the callus was best demonstrated in lats 
fifty-four days old, five days after a fracture and twenty-four hours 
following the administration of a single standard dose of a standard 
phosphate solution. 

Rats, weaned to the rachitogenic diet at the age of twenty-one ay.-^ 
and given fractures at the age of forty-nine days, were given phosp ate 
solution intraperitoneally four days after the fracture and were killed 
twenty-four hours later. The standard phosphate solution used for this 
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purpose was a mixture of 80 per cent, of one-tenth molar secondary sodium 
phosphate (M/10 Na 2 HP 04 ) and 20 per cent, of primary sodium phos- 
phate (M/10 NaHjPOO, of which the hydrogen-ion concentration at 38 
degrees centigrade corresponded approximate!}’’ to pH 7.35. The stand- 
ard dosage employed was 2.5 cubic centimeters (containing approximately 
7.5 milligrams of phosphorus) per 100 grams of rat weight. This dose is 
subtoxic for rachitic rats, rarely resulting in the death of an animal in 
tetany. Increasing the dosage did not shorten the time required for ini- 
tiation of calcification in such animals as survived the larger dose (Group 
R, Table II). 

Calcification 

As previously shown administration of the standard dose of phos- 
phate results in a zone of calcification in the matrix of the epiphyseal 
cartilage, typical of the “line test”, within twenty-four hours or less. In 
animals examined from twenty-four to forty-eight hours after adminis- 
tration of phosphate and from five to six days following a fracture there 
was also beginning calcification in the callus, limited to the subperiosteal 
and subendosteal osteoid. In preparations fixed with neutral formalin 
and stained with silver nitrate, the initial deposit was seen as widely 
dispersed rosette-shaped crystals (Fig. 25). In preparations frozen and 
dried by the Altmann-Gersh method®, the deposit was in the form of fine 
non-crystalline granules (Fig. 24). The distribution of the deposits in 
the callus was the same after each method of fixation. 

Silver staining of the early deposit of bone salt cannot be said to 
demonstrate the exact stage of aggregation of the salt, but undoubtedly it 
does demonstrate the density and distribution of this mineral. We have 
compared the localization of the bone salt, as demonstrated by the silver 
method described, with that shown by intra vilam staining by sodium 
alizarin sulfonate, by observation of unstained sections with the aid of 
polarized light, and with the fluorescence seen in calcified areas in ultra- 
violet light. In all cases the distribution of the bone salt was seen to be 
identical. 

Initiation of Calcification at Various Stages of Healing 

Table I illustrates the results of a series of experiments designed to 
investigate the relative receptivity, at various stages of fracture healing 
and at various intervals during the period on deficient diet, of the growing 
osteoid and cartilage to bone salt, in both the rachitic metaphysis and 
the callus. The rats wei-e given a single injection of phosphate as descril^ed 
above and were killed at intervals up to twenty-four hours following the 
administration of the phosphate. 

Table I shows that after the callus had developed a calcifiable matrix, 
at three to four days following a fracture (Figs. 7, 8, and 9), the initial 
deposit of bone salt was seen in the subperiosteal osteoid some four to 
eight hours later than in the epiphyseal cartilage (Fig. 26). After ten 
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TABLE I 

Initiation of Calcification in the Epiphyseal Cartilage, Metaphysis, Callus Osteoid, 
AND Callus Cartilage in Rachitic Rats, Following Intraperitoneal Administration 
of a Single Dose of M/10 Phosphate Mixture, 2.5 Cubic Centimeters (7.5 Milligrams 
Phosphorus) per 100 Grams of Body Weight 


Group 

Number of 
Days 
of 

Healing 

Total 
Number of 
Days 
on Diet 

Number of 
Hours 
after 
Injection 

New Calcification 

Epiphyseal 

Cartilage 

Metaphysis 

C.allus 

Osteoid 

Callus 

Cartilage 

A 

0 

28 

0 



__ 




0 


S 

— 

— 




0 


24 

+ 

— 




0 


24 

+ 

— 



B 

3 

31 

0 

— 

— 

— 

— 


3 


4 

— 

— 

— 

— 


3 


8 


— 1 

— 

— 


3 


12 

+ 

— 1 

— 

— 


3 


24 

+ 

+ 1 


— 

C 

4 

32 

0 

— 


— 1 

— 


4 


4 

— 

— 

— 

— 


4 

i 

8 

— 

— 

— 

— 


4 


10 

— 

— 

_ ! 

— 


4 


12 

_ 


— ! 

— 


4 


14 

+ 

— 

— 

— 


4 


24 

+ 


-r 

— 

D 

5 

33 

0 

— 

— 

— 

— 


5 


2 

_ 



— 


5 


3 

— 

— 

— 

— 


5 


4 

+ 

— 

— 

— 


5 


0 

+ 

— 

— 

— 


5 


0 

+ 

+ 

— 

— 


5 


8 


1 + 

+ 

1 ” 

E 

7 

35 

0 

— 

1 — 

— 

1 “ 


7 


14 

— 

— 

— 

1 — 


7 


24 

+ 

rh 

+ 

1 “ 

F 

8 

30 

0 

— 

, — 

— 

1 — 


8 


0 


; — 

1 — 

— 


8 


0 

— 

1 — 

1 — 

— 


8 


24 

+ 

± 

-f- 

— 

G 

10 

38 

0 

— 

_ 

4' 

— 


10 


0 

— 

— 

-r 

— 


10 


0 

— 

— 

4" 

— 


10 


4 

— 

1 “ 

4* 

— 


10 


12 

— 

1 ~ 

+ 

— 


10 


24 

— 

1 ” 

+ 

— 


12 

40 

4 

— 

1 — 

+ 

— 


12 


8 

— 

1 — 

+ 

— 


12 


24 

— 

I — 

+ 

— 

H 

12 

41 

0 

— 

— 

+ 

— 


15 

43 

0 

— 

— 

++ 

— 


15 


0 

— 

— 

4-4- 

— 

I 

16 

44 

0 

— 1 

— 

1 4- 4- 

— 


20 

48 

0 

— ' 

— 

1 4“ -f- 



26 

54 

0 

— 

— 

+++ 

+ 


28 

56 

0 

— 

— 

[ +++ 

1 

+ + 


days following a fracture and thirty-eight days on the rachitogenic diet it 
was more difficult to initiate calcification in the epiphyseal cartilage (Fig- 
27). Later, frequently after fifteen days, there appeared spontaneous 
calcification in the callus osteoid. The density of the depo.sit in the callus 
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osteoid increjised up to ( \v(>iify-r>ifi:Iit da 3 ^s following the fracture, and in 
animals examined twenty-six and t went3'’-eiglit days after a fracture there 
was also s]K)nt ancons ealeifieation in the matrix of the callus cartilage. 

In one litter of rats (Grouj) D, Table I) the bones were studied by 
means of unfi.xed, hand-cut, quick-stained (10-per-cent, silver nitrate) 
.sections. In these preparations calcification was observed as reported by 
iVIeLean and MeCo.y, using the saim* method. Calcification in the epi- 
phj'.seal cartilage was seen at four hours, in tlie osteoid of the metaphysis 
at six hours, and in the callus osteoid at eight hours. 

III. COSTUOh OF CALCIFICATION UY CONTINUED ADMINISTRATION 

OF PHOSPHATE 

In the first series of experiments to be reported in this section, daily 
injections of phosphate were begun either before or at the time of fractur- 
ing, or on the fourth daj' following the fracture, and continued for several 
daj's. As the state of the rachitic epiphyseal cartilage and of the rachitic 
metaphj'sis was almost identical in all of the animals, and as the response 
to the administration of phosphate was uniform this response may be 
described first. 

‘Within twenty-four hours after the injection, calcification was initi- 
ated in the eiiiphj^.seal cartilage, in the form of the “line test”, as described 
above. Within fortj^-eight hours, and following two injections of phos- 
phate, calcification was usually ob.served in the osteoid zone in the metaph- 
ysis, and in the osteoid borders on the old trabeculae of spongy bone at 
the junction of the rachitic metaphysis with the shaft. With further 
doses deposition of bone salt continued from both directions toward the 
central portion of the metaphysis, mainly ehondro-osteoid, leaving this 
portion as the last site to be calcified or removed in the process of regener- 
ation of the spongio.sa (Figs. 7, 8, 9, 10, 11, and 12). 

Shortly after calcification begins in the cartilage, orderly penetration 
and removal of cartilage by advancing capillaries begins. These phenom- 
ena constitute the beginning of healing of rickets, which follows and de- 
pends upon calcification, but which is recognizable as distinct from the 
calcification process itself. A definite time interval elapses between 
calcification and the cellular evidences of healing, so that calcification may 
be observed without healing, but as will be reported elsewhere, Ave have 
never observed the cellular evidences of healing Avithout calcification. 

Injections of Phosphate from the Fourth to Ninth Day and from the F ourth 
to Twelfth Day Following Fractures 

As described above, calcification in the subperiosteal and subendos- 
teal callus osteoid Avas initiated within tAA^enty-four hours after a single 
dose of phosphate. Daily injections AA'^ere continued and the animals 
were sacrificed at daily interAmls to the ninth day. The deposits of bone 
salt showed a gradual increase in density and in area of distribution (Figs. 
10, 11, and 12). After the second injection, many of the dispersed de- 
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posits became denser and new patches of beginning calcification appeared. 
Additional bone salt laid doAvn after the third injection converted many 
of the deposits into denser masses, which, after the fourth (Fig. 28) and 
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fifth inji'ction.s wore found fiisiiif!; with other closol}’’ adjacent deposits 
until the cores of many of the tralieeulae were uniformly and densely 
calcified, d'he densest deposits of tlie bone .salt, as seen in frozen-dried as 



Fig. 29 










298 


M. B. UHIST AND P. C. McLEAN 


well as in formalin-fixed tissues, were usually, but not always, in the cores 
of the trabeculae. 

As in previously normal animals, calcification of the matrix of the 
callus cartilage occurs only when hypertrophic cartilage is in contact with 
the periosteum, or with advancing subperiosteal and subendosteal bone. 
In the animals in this series, in which injections of phosphate were begun 
on the fourth day following a fracture, the callus cartilage had become, in 
large part, embedded or encapsulated in dense fibrous tissue and fibro- 
cartilage, as described in Section I. This constituted a barrier to the ad- 
vance of the new intramembranous bone, so that it was not until the 
ninth day following the injury, or the fifth day of administration of phos- 
phate, that contact of calcifying new bone with hypertrophic cartilage 
was accomplished. At this stage calcification was observed to begin in 
the cartilage matrix, but was limited, as in the normal animal, to the 
periphery of the callus cartilage where contact with new bone was es- 
tablished, the great mass of callus cartilage remaining uncalcified. At 
this time, also, there was no resumption of the removal and replacement of 
cartilage. 

In another litter in which phosphate was given similarly until the 
twelfth day, it was observed that calcification in the subperiosteal in- 
tramembranous bone was greatly increased in density (Figs. 12 and 22), 
and that there were several areas of calcified hypertrophic cartilage in 
contact with the cambium layer of the periosteum. As to the penetration 
of the central fibrocartilaginous callus by osteogenic tissue, and as to 
the replacement of cartilage by bone, the animals which receir’^ed phos- 
phate from the ninth to the twelfth days of fracture healing showed little 
advance over those which received phosphate only to the ninth day. The 
newly calcified cartilage in contact with periosteum was penetrated by 
mesenchyme over a wide front with the formation of primary spongiosa, 
but there was as yet slight evidence of bone formation. Fibrous connec- 
tive tissue, fibrocartilage, and chondro-osteoid separated the central 
callus from the areas of bone formation around the shaft, and, although 
these tissues were not yet being ossified, penetration by blood vessels and 
mesenchyme, and resorption of fibrocartilage and chondro-osteoid were 
under way. 

Daily Injections of Phosphate from the Eighth to the Twenty-Fourth Day 

As described in the foregoing sections, the callus, after four days, was 
so organized as to show separation of the subperiosteal and subendosteal 
osteoid from the central cartilaginous callus. At eight days, the fibrous 
connective tissue and fibrocartilage, which constituted the separating 
capsule, became more dense and highly developed than that seen in 
earlier stages. When phosphate was injected and calcification was initi- 
ated at nine days (Figs. 13, 14, 15, and 26) and continued even to fourteen or 
fifteen days, the bone salts were deposited almost exclusively in the sub- 
periosteal and subendosteal osteoid, and only in such hypertrophic car- 
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lilago as was in clirocl conlac-t with the periosteum. Limited to these 
area.s, the deiiosits become very den.se and widely distributed in tlie os- 
teoid. Only after seven to eight dajAs of phosphate administration 
(sixty milligrams of jihosphorus) was there evidence of appreciable inva- 
sion and resorption, with ealeifieal ion and o.ssification of the fibrocartilag- 
inous callus. Continuing phosphate from the sixteenth to the tAventy- 
fourth day of he.-iling, when union oeeiirrcd in the normal littermate, there 
was so much chondro-ostcoid, fibroeartilagc, and fibrous connective tissue 
to bo rcsorbed that, ealeification, replacement, and ossification of the 
cartilage proceeded very irregularly and apparently followed the lines of 
least, resistance to the invasion of mesenchyme. Though union finally 
occurred at Uveiiiy-iour da3's, considerably in advance of untreated litter- 
mates, the structure of the new bone across the fracture line was defective. 
Ossifying fibroeartilagc, fragments of calcified cartilage incorporated in 
bone trabeculae, and iiartiallj’’ calcified osteoid were distributed in dis- 
organized fashion betAveen the fracture ends. 

Daily Injcclioiis Begun at the Time of Fracture, or Two Days before 
Fracturing, Respectively 

The initial stages of repair of the fracture shoAved no differences from 
those described as common to normal and rachitic animals. BetAveen 
the fourth and fifth days foiloAving the injury, hoAvever, the picture differed 
from that just described and from that in florid rickets, in that partially 
calcified osteoid and calcified cartilage matrix Avere in communication. 
Encapsulation of the callus cartilage had not occurred, and there Avas no 
barrier to or lag in the invasion of the fibrocartilaginous callus by the 
osseous tissue arising from the periosteum. Except for deficient calci- 
fication in the neAvly formed osseous tissue, the process and the time rela- 
tionships Avere e.ssentially those seen in the normal animal. 

Interruption of Calcification and Healing, and Its Prevention 

In animals treated Avith daily injections of one-tenth molar phosphate 
solution there Avas seen not infrequently an interruption of calcification 
and resumption of the rachitic type of cartilage removal (Fig. 23 ). The 
folloAving experiment A\'as designed to study this phenomenon, and to ob- 
serve the progress of calcification under conditions AA’hich assured the 
maximum supply of available phosphate continuously. 

A litter of rachitic rats Avere given fractures after thirtj^ days on the 
rachitogenic diet. Three days later injections of standard doses of one- 
tenth molar phosphate Avere given; half of the animals received one dose 
onh'', the remaining animals received a similar dose tAA'enty-four hours 
later. The animals Avere sacrificed at tAA^elve-hour intervals after the last 
injection. 

There Avas found regularly at thirty-six hours, and occasionally at 
tAventy-four hours, after the final injection a zone of calcified cartilage 
four to six cells AAude in the rachitic metaphysis, separated from the un- 
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, • , TABLE II 

The Progress or C vecification in thb Epiphyseal Cartilage, Metaphysis, Callus 
Osteoid, and Callus Cartilage in Rachitic Rat.s, Following Forced Intraperitone^l 

Administih-tion or Phosphates 



Number 

of 

Days 

of 

Healing 

Total Phos-! 
phorus In- 
jocted.Mgs. 
perlOOGm. 
of Rat 
AVeight 

1 

Number ' 
of 

Rate of In- 
jection of 
M/10 Phos- 
phate per 
100 Gm. of 
Rat AA' eight 

New Calcification 

Group 

1 

Hours 

from 

First 

Dose 

Ejii- 

physeal 

Cartilage 

Mcta- 

physis 

Callus 

Osteoid 

Callus 

Cartilage 

p 

4 8 

0 










— 


4 1 

9 

3 

1 c.c. per hr. 

— 

— 

— 

— 


4 2 

18 

G 

1 c.c. per hr. 

— 

— 

— 

— 


4 4 

30 

10 

1 c.c. per hr. 

+ 

— 

— 

__ 


4 7 

54 

IS 

1 c.c. per hr. 

+ 

-f : 

+ 

— 

Q 

12 7 

0 


— 

— 



— 

j 

10 2 

i 

75 

30 

1 c.c. per hr. 

for 20 hrs.; 
j 1 c.c. per 2 hrs. 
for 10 hrs. 

+ + 

4- 

+ 



1 11 5 

t 

105 

GO 

1 c.c. per hr. 

for 20 hrs.; 

1 c.c. per 2 hrs. 

for 10 hrs.; 

1 c.c. i)or 3 hr.s. 

! for 30 hrs. 

i 

+ + 

1 

1 

+ + 

+ 


12 7 

1 

135 

90 

1 c.c. per lir. 

for 20 hrs. ; 

1 c.c. per 2 hr.s. 

for 10 hrs.; 

1 c.c. per 3 hr-s. 

I for 60 lirs. 



+ + + + 

-h + + + 

R 

8 0 

0 

— 

1 — 

1 — 

1 — 

— 

— 


7 1 

22.5 

3 

:1 dose only 

1 — 

— 

— 

— 


7 5 

22.5 

12 

1 dose only 

i — 

— 

— 

— 


8 0 

22.5 

24 

1 

1 dose only 

+ + 

+ 

+ 

db 


calcified epiphyseal cartilage by a narrow plate of fibrous tissue rich in 
blood vessels. This is the typical picture of interruption of the process of 
calcification and healing, and indicates that a twenty-four-hour period 
between doses of phosphate is barely sufficient, in the majority of in- 
stances, to keep these processes progressing continuously. 

The callus of healing fractures in the same bones showed correspond- 
ing effects upon the distribution of bone salts deposited in the subperiosteal 
osteoid. The bone salt was found in the osteoid closest to the periosteum 
at twelve and at twenty-four hours after the last injection of phosphate in 
animals receiving either one or two injections. At thirty-six or more 
hours after the injection a wide layer of uncalcified osteoid Avas found be- 
tween the periosteum and the neAvIy calcified bone. The callus cartilage, 
Avas uncalcified throughout the series. 

Forced Administration of Phosphate at Maxim%im Possible Rate 

In this experiment the progress of calcification Avas observed under 
conditions Avhich maintained the supply of phosphate to the animal at the 
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giTiit ('st ))()ssil)l(' nit 'I'wo lit tf'i’s of rachilic, fractured rats were injected 
repeatedly, each with one eiihie centimeter of one-tenth molar phosphate 
solution per 100 grams of rat weight (three milligrams of phosphorus per 
100 grams rat weight). The injections were given hourly until the 


oeeurrenee of fibrillary muscular t witching, los.s of posture, or convulsions, 
at which time, usually the twentieth hour, one cubic centimeter of one- 
tenth molar calcium chloride (M/IO CaCb) was given subcutaneously. 
The animals which survived were given additional injections of phosphate 
at two-hour intervals. About ten hours later the animals again went into 
tetany; ealeium chloride was given as before, and the phosphate injections 
were continued at three-hour intervals. Thereafter it was possible to 
continue to sixty hours (from ijcginning the injections) without a serious 
number of casualties. The rats wore at all times in contact with the high- 
calcium raehitogcnic diet, which was consumed avidly. The schedule of 
fracture healing, and times at which the injections were given and the 
bones were observed is shown in Table II. 

Xo marked difTerenccs between these animals and those given stand- 
ard doses of phosphate at intervals of twenty-four hours became mani- 
fest until the sixtieth hour following the first injection. At this time there 
was almost continuous union between the calcified cartilage and the 
.sijongy bone in both the callus (Figs. 32 and 33) and the metaphysis. 
New bone in the jirocess of deposition was calcified as rapidly as it was 
laid down and the osteoid everywhere in the bone and in the callus showed 
a hcavj’', uniformly distributed, though incomplete, impregnation of bone 
salt (Fig. 29). Transforming fibrocartilage and much of the osteoid, 
containing cartilage cells, was uncalcified. 

At ninety hours, at which time the rats had received 135 milligrams 
of phosphorus per 100 grams of body weight, there was advanced calci- 
fication and healing in the epiphyseal cartilage and metaphysis (Figs. 16, 17, 
and 18). Dense calcification was observed in the osteoid everywhere in the 
original bone and in the callus (Fig. 30). Callus cartilage was as well 
calcified as in the normal animal at the same stage of fracture healing 
(Fig. 34), and the junctions between calcified cartilage and bone were 
continuous in both the metaphysis and in the callus. Certain areas of 
the chondro-osteoid contained calcium salts, but much of this tissue re- 
mained unimpregnated while undergoing resorption associated with the 
formation of osteoclasts. Fibrocartilage and areas of cartilage in the 
process of replacement by bone were calcified wherever contact was made 
with osteogenic tissue, but most of these tissues showed no bone salt in the 
intercellular substance. 


IV. CALCIFICATION FOLLOWING ADMINISTRATION OF VITAMIN D 

Observations were made upon the influence of vitamin D, in small 
and in large doses, in comparison with the effects of phosphate in inducing 
calcification in the epiphyseal cartilage, the metaphysis, and the fracture 
callus in rachitic rats. 
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Fig. 31 



Fig. 32 

Photomicrographs (X 140) show progress of calcification in the callus 
cartilage, following fractures in rachitic rats. Fig. 31: Shows, fifteen days 
after a fracture in a rachitic rat, completely uncalcified cartilage with invasion 
and the rachitic type of cartilage removal. Fig. 32: Subperiosteal intracarti- 
laginous ossification twelve days following fracture in a rachitic rat which had 
been injected with 105 milligrams of phosphorus, as phosphate, in sixty hours. 
The process simulates periosteal collar and formation of ossification center in 
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Fig. 33 



Fig. 34 


embryonic bone (Bloom and Bloom). Fig. 33: Taken from the same rat as 
Fig. 32, at the junction of the calcified cartilage matrix and the calcified sub- 
periosteal osteoid. It suggests primary spongiosa (compare with Fig. 10, 
Urist and McLean 2“). Fig. 34: Final stages of intracartilaginous ossification 
thirteen days after fracture in a rachitic rat which was injected with 135 milli- 
grams of phosphorus, as phosphate, in ninety hours. 
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Calcification in Animals Maintained on a Vitamin-Fortified, Phosphate- 
Deficient Diet 

It is well known that if small quantities of vitamin D are added to the 
Steenbock-Black diet, rickets does not appear but bones which have a 
lower ash content and are smaller and thinner than normal are produced 
Experiments modeled after those of Shohl were undertaken Avith the view 
of learning whether the dietary conditions of reduction in phosphate in- 
take, plus a supplement of vitamin D, would demonstrate calcification 
proceeding in the callus at a uniform minimum rate. 

Two litters of twenty-one-day-old rats were divided into three groups 
to be weaned as; normal controls on the Bills diet; rachitic controls on the 
Steenbock-Black diet ; experimental animals on the Steenbock-Black diet 
to which 2-per-cent, cod-liver oil had been added. The right tibiae of ail 
were fractured at forty-nine days, and the experimental animals Avere 
divided into two groups, one of Avhich received daily injections of 2.5 
cubic centimeters of one-tenth molar phosphate per 100 grams of body 
weight. The normal and rachitic control groups showed normal states 
of calcification, on the one hand, and typical rachitic failure of calcifica- 
tion on the other. 

The experimental groups, which were maintained on the same rachito- 
genic diet plus a small quantity of vitamin D, showed that the rate of 
calcification in growing bone and cartilage was not normal (Fig. 19). The 
epiphyseal cartilage was wider than normal, and the zone of provisional 
calcification Avas reduced in AAodth. There AA'as no chondro-osteoid in the 
metaphysis. The shaft AA^as rarefied, and exhibited a considerable amount 
of osteoid. There AA^as osteoid in the callus, especially at the junction be- 
tAA^een the cartilage and the adA'^ancing osseous tissue. 

Calcification in the Callus in Rachitic Animals Given Large Doses of 
F iosterol 

Tavo litters of rachitic rats AAoth 6ne-to-four-day and four-to-eight- 
day-old fractures Avere given doses of 10,000 international units of vios- 
terol daily, by stomach tube. Taa'o similar litters AAoth four-to-ten-day- 
old fractures Avere given 500,000 international units daily. The bones 
AA'ere examined from the second to the eighth and from the fifth to the 
tenth day folloAAung the fractures. The animals AA^ere at all times kept on 
the Steenbock-Black rachitogsnic diet. 

Group Given 10,000 International Units of Viosterol Daily. The 
course and distribution of the deposition of mineral in the metaphysis and 
in the callus of the rachitic rats given 10,000 international units of vios- 
terol dailj'’ Avere almost exactly the same as those folloAAdng the administra- 
tion of phosphate. The bone salt appeared in the epiphyseal cartilage 
and in the callus osteoid AAothin forty-eight hours after the first dose, and 
increased rapidly in density and in distribution thereafter. The most 
striking difference seen aa'rs that after the administration of Adosterol, 
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ri’sorplion of llu' chondj'o-oslt'oid of llio iiK'fnpJi^y.si.s n’as miic]i inoi’c rapid 
Ilian after llu' administration of jiliosjiliate. 

(iroup G'lvni I iilrniatioual rin'ls of Viosterol Daily. Vios- 

lerol in doses of 500,000 internal ionaJ units daily initiated calcification 
in till' epijiliyseal eartilafie and in the osteoid at about the same time 
as did smaller doses of viosic'rol, or the administration of phosphate. 
T he larmier doses of viosterol. liowever, con.siderably modified the healing 
process in tlie raeliitie metapliysis, and the reparative procc.sses in the 
fraetun* callus. After three to four daily do.ses, the partially calcified 
osteoid tissue in the metaphysi.s, t he shaft, and the callus, and the compact 
bone of the shaft showed widesjirc'ad re.sorption a.ssociatcd with the pres- 
ence of large numbers of osteoclasts. By the fourth or fifth day after ad- 
ministration of viosterol was begun, there was also a widespread beginning 
formation of new bone, a.^^socialcd with many osteobla.sts, in the areas of 
resorption including the fracture callus. 

V. THE HEEATIONSIIIP HETWEEN THE STATE OF THE BODY MINERAL 
STORES AND THE PROGRESS OF CALCIFICATION IN 
THE CALLUS OF HEALING FRACTURES 

All of the above e.vperiments were on young growing animals. The 
p.vperiment here re])ortod was undertaken to determine whether the heal- 
ing of a fracture in an adult animal, with abundant stores of bone mineral, 
would bo affected by a diet deficient in phosphorus and in vitamin D. 

Twelve adult rats, which liad been maintained on a stock diet for 
eighteen or more months, were transferred to the Steenbock-Black rachito- 
genic diet for a period of ton weeks. The right tibiae were then fractured 
and the animals were .sacrificed at three-day intervals. 

In all of the animals studied the spongiosa and some parts of the 
shaft showed very thin osteoid borders upon the bone trabeculae. Bone 
and the matri.x of hypertrophic cartilage were densely calcified in all parts 
of the callus, and, except for a narrow zone of osteoid between the cartilage 
and the bone in the callus, there was no evidence of a mineral deficiency 
in the early stages of healing. The fractures united at approximately the 
same time as those of the controls. 

DISCUSSION 

As stated in the introduction to this paper, the object of these experi- 
ments was not so much to study the healing of fractures in rickets as it 
was to make the process of calcification and its relationship to the repair 
of bone accessible to analysis. For this reason the discussion will be 
limited to these aspects of the subject; the other essential findings re- 
ported in the paper will be included in the summary and conclusions. 

In the condition- of florid rickets, resulting from phosphorus defi- 
ciency, the fracture callus in rats remains completely devoid of bone salt 
for a period of ten to fifteen days. During this period the influence of the 
absence of calcification upon the healing of fractures, and the effects of 
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the initiation of calcification can be observed directly. At about the end 
of this period, calcification of the callus begins spontaneously, without 
simultaneous calcification in the epiphyseal cartilage and the rachitic 
metaphysis. Analysis of this phenomenon is a separate problem, and 
will be reported upon in another paper. 

For the purpose of inducing calcification we have employed chiefly 
intraperitoneal administration of the orthophosphates of sodium, in a 
mixture at a hydrogen-ion concentration corresponding to pH 7.35, for 
the reason that the dosage supplied in this form may be accurately gauged. 
For purposes of comparison we have also induced calcification by the ad- 
ministration of viosterol, and have shown that calcification so induced does 
not differ from that induced by administration of phosphate. 

From this and the preceding paper the fact stands out that, given 
an adequate supply of bone minerals, calcification of the matrix of hyper- 
trophic cartilage and of osseous tissue occurs promptly and decisively. 
These tissues must be regarded as already prepared for calcification, the 
presence or absence of bone salt depending upon the available supply of 
minerals. 

Of especial interest is the influence of calcification, or of its absence, 
upon the healing process in the callus. As pointed out above, osteogene- 
sis and calcification cannot be separated in the normal animal, so that it is 
impossible, from the study of normal animals alone, to determine how 
much the healing process itself is influenced by the deposition of bone salt 
in the matrix of cartilage and bone. These interrelationships have, how- 
ever, been clearly demonstrated in the experiments and observations 
reported in this paper. 

As described above, the healing process in the fractures produced in 
rachitic rats begins in the same way as in normal rats, and the formation 
of the fibrocartilaginous cartilage and the production of subperiosteal and 
subendosteal osseous tissue proceed just as in the normal animal, but in 
the absence of calcification. Evidently, then, calcification is not essential 
to the early stages of the healing of fractures, including the beginning of 
osteogenesis. 

Up to the fourth or fifth day following the injury, the new tissues 
formed in the rachitic rat are indistinguishable from those formed in the 
normal rat subjected to the same procedure. But at about this time a 
difference appears, clearly dependent upon the absence of calcification. 
In the normal rat, at this time, the new intramembranous bone has gained 
contact with the fibrocartilaginous callus, and removal of the latter with 
its replacement by bone is well under way. In the rachitic rat there is a 
definite lag in the invasion of the callus cartilage by osseous tissue, so that 
active removal and replacement of the cartilage does not begin until 
about the ninth to the twelfth day following the fracture. In the mean- 
time the cartilage of the callus has often become encased or encapsulated 
in dense connective tissues and fibrocartilage (Fig. 20). 

When removal of the callus cartilage does begin, it is of the rachitic 


THE JOURNAL OF BONE AND JOINT SURGERY 



CAI-CIKICATION IN KHACTUHKS IN RICKETS 


307 


tj'po, dupliraliiip; almost cxacllj'' the process in the rachitic metaphysis. 
But. (he encaiisulation of the callus cartilage forms a partial barrier to the 
process of cartilage removal, and invasion of the fibrous tissue of the callus 
proceeds slovly and with considerable delaJ^ 

It is difficult to determine to what extent these difficulties might be 
overcome in (he complete absence of calcification, for the reason that in 
our cxpcrimenls spontaneous calcification always occurred in the callus, 
thcreb}' altering the picture. But it is of great interest that just as there 
is a lag in the healing process in the absence of calcification, so is there a 
lag in the response to calcification, whether .spontaneous or induced. 

As shown above, if calcification is induced in rachitic animals prior 
to the fourth or fifth day following a fracture, or before the changes 
characteristic of the absence of calcification have appeared, healing of the 
fracture proceeds in the same wa3'’ and with the same rapidity as in the 
previouslj’’ normal animal. If, however, initiation of calcification is de- 
laj^ed until the callus cartilage has been “encapsulated”, or until the 
fourth to tenth days, there niaj’- be a further delay of several days until 
the barrier of the cajisule can be overcome, and the normal type of re- 
moval and rejilacement of the cartilage can begin. 

From the above there emerges the general principle that the initiation 
of healing of exiicrimental fractures in the rat is not materially affected 
by dietary factors which prevent calcification, but that in the absence of 
calcification the healing proce.ss is both retarded and transformed into a 
rachitic type of ro.spon,se. Moreover, when conditions for calcification 
are restored, there is a delaj’’ in restoration of the normal healing processes, 
owing to encapsulation of the callus cartilage in a dense mass of connec- 
tive tissue. Thus, even a temporary failure of calcification may ma- 
terially retard the subsequent union of fractures. Studies of human ma- 
terial are now under way, in order to determine whether a similar process 
may be responsible for delayed union or non-union in man. 

Attention has been called to the role of the body mineral stores as a 
source of calcium salts which may be mobilized under the emergency of a 
healing fracture. This has been shown in adult animals, whose growth is 
nearly static and whose bone-mineral stores are nearly maximal, by re- 
moving phosphorus from the diet. After a period long enough to present 
conditions of phosphorus-deficiencj'’ without complete failure in the calci- 
fication mechanism, it was possible to show that the callus of a healing 
fracture receives bone mineral elements mobilized from the readily avail- 
able body stores, and solid union may occur at the normal time with no 
other source of phosphorus. In an adult rat with a well-developed skele- 
ton, it should not be necessary to supplement the diet with mineral solely 
for the purpose of enforcing the structure of the uniting fracture, but pos- 
sibly in individuals with multiple fractures and in the very young, in 
whom the rapidly growing bone tissue everywhere in the body demands a 
continuous supply of mineral, measures supporting mineral metabolism at 
its highest level are indicated from the earliest period after a fracture occurs. 
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SUMMARY AND CONCLUSIONS 

1. The early stages of healing of fractures in rachitic rats resemble 
the same process in the previously normal animal in every respect except 
that of calcification. Formation of the fibrocartilaginous callus, and the 
production of subperiosteal and subendosteal iutramembraiious osseous 
tissue are not influenced by the complete absence of bone salt, in the first 
four to five day's following a fracture. 

2. The influence of the absence of calcification on the healing of 
fractures in rachitic rats begins to manifest itself by about the fourth to 
the fifth day following a fracture. Invasion of the fibrocartilaginous 
callus by the new intramembranous osseous tissue is delayed, often until 
the ninth to the twelfth day. This delay is comparable to the delay in 
initiation of the rachitic type of cartilage removal in the epiphyseal carti- 
lage following the onset of rickets. When invasion of the callus cartilage 
occurs, it closely resembles the similar process in the epiphyseal cartilage 
in rickets. 

3. Healing of fractures in rachitic rats, in the absence of calcifica- 
tion, may be further complicated by the embedding or encapsulation of 
the callus cartilage in a dense mass of fibrous tissue or fibrocartilage. 
This forms a barrier to the advance of the uncalcified osseous tissue. 

4. Spontaneous calcification in the intramembranous osseous tissue 
of the callus without calcification in the epiphyseal cartilage or in the 
rachitic metaphysis begins in the rat at about the tenth to the fifteenth 
day following the injury, and leads eventually to union of the fracture 
by partially calcified osteoid. 

5. Calcification in the osteoid of the callus, as well as in the epiphys- 
eal cartilage and in the osteoid of the rachitic metaphysis, may be initi- 
ated by a single dose of phosphate, in a dose of 2.5 cubic centimeters of 
one-tenth molar phosphate mixture per 100 grams of body weight. Fol- 
lowing such treatment the initial deposit of bone salt in the subperiosteal 
osteoid occurs some four to eight hours later than in the epiphyseal carti- 
lage. 

6. The distribution of bone salt in the epiphyseal cartilage, meta- 
physis, and callus following administration of phosphate is the same 
whether fixation is with neutral formalin or by the Altmann-Gersh freez- 
ing-drying method. Its localization is also identical, whether visual- 
ized by staining with silver nitrate, by intra vitam staining with sodium 
alizarin sulfonate, by observation of unstained sections with the aid of 
polarized light, or by the fluorescence seen in calcified areas by ultra- 
violet light. 

7. As in previously normal animals, calcification of the matrix of 
the callus cartilage, following the administration of phosphate, occurs 
only when hypertrophic cartilage is in contact with the periosteum, oi 
with advancing subperiosteal or subendosteal bone. When the callus 
has become encapsulated in the dense fibrous tissue or fibrocartilage, 
which forms a barrier to the advance of the new osseous tissue, there is a 
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(Icliiy of -(Uni* li.-iy*- in (he ini(i:i(ioM of cnlcificnlioii of flic callus caitilagc 
following (lie adininivlialioii of icpcalcd doses of jdiosidiaf o When 
pliosphalc is gi\cn a( (he (inic of Hie fiacdiic, oroailici, so that no baiiier 
is fonned. lu'wly foimcd hn( iiooily calcified osseous (issue gains contact 
with (he callus caitilagc willioiil delay, and caitilagc icinoval pioccccls in 
an ('ssciitially noimal fashion, with noiinal time iclationslups 

S. If pliosphati' is administcicd at longci intcivals than tw’cnty-foui 
hoiiis thcic is intciinption of calcification, and icsiimptioii of the lachitic 
type of cartilage icino\al in the epiphyseal caitilagc A twenty-foiir-houi 
peiiod between doses is baiely stiflicient. in the inaioiity of instances, to 
inaiiitain a coiitiinioiis (noccss of calcification. AVheii phosphate acl- 
niinistration is forced at (he ina\iimini iiossildc late, calcification in the 
callus is gicatly acceleiated, but an incicascfl late of jihosphate adminis- 
tration. or an incicascd initial dose, has no denionstiable effect on the 
time of appeaiance of the initial calcification in the epiph 3 ’’seal caitilage 
or in the callus. 

9. A diet inadetniate in phosphate, but with a supplement of two- 
per-cent. cod-liver oil, <locs not pioduce the gioss lesions of lickets, or the 
manifestations of absence of calcification in the fiactinc callus. The 
distribution of the bone salt dcjiosited in the bone and in the callus are the 
same whethei large doses of viosteiol, or phosphates aie admmisteied 
Still larger doses of viosteiol initiate pathological lesorption of bone and 
of osteoid, and s(«riously inteifeic with the healing of fractuies. 

10. When an adult lat with a picviously noimal skeleton is trans- 
fer! ed to a lachitogenic phosphate-deficient diet, calcification in the callus 
is adequate to produce bon 3 '’ union at the normal time, and there is only a 
ver 3 '’ slight lag in calcification in the osseous tissue of the callus 

11. It is suggested that the observations upon the retardation of the 
healing process in the absence of sufficient mineral to produce calcification 
m the callus, and upon the del<a 3 '' in the initi.ation of a noimal type of re- 
.sponse when treatment is initiated, Avhich lesults from encapsulation of 
the callus cartilage in a dense mass of connective tissue and fibrocartilage, 
ma 3 ’- have a beaiing upon certain problems of delayed union or non-union 

Our thanks are due to I Gcisli, Ph D., of the Department of Anatomy, Johns Hop- 
kins Medical School, foi making possible the e\pcnments upon calcification observed 
with the aid of fio7cii-diied fixation, and for assisting the woik in othei ways We wish 
also to acknow ledge the aid of A H Pfund, Ph D , of the Department of Phj sics, Johns 
Hopkins Univeisitj’, m the pieparation of demonstiations of the optical piopeities of 
bone tissue in ultiaviolet and polaiizcd light 
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C'UKK HKSI-X'TIOX Ol^' TIIIO ULNA FOU MALUNI'I'ICD 
COLIACS’ FHACTURK^ 


i)V iiKMfv Mit.ru. xf.i)., r.A.c.s., \j:\v vo»k, x. v. 

I'limi till' Iloipilnl for Joint Disrairs, Nrw York 

l^'cciit incdicfii litc'raturc lias davoL'cl ronsiflorablf affoalion lo (iu; 
so-rallcd dislocadoii of <lu' lower ond of (he ulna, which is no( iiifrcqueiiO}’^ 
associalod with iniiiroiicrlj' rodnml Colics’ fracture. When con.sidcration 
is given to (he great variation whieh occurs in Colics’ fracture, the ob- 
server must be iinjucsscd b}' tho.siinilaritj’^ of the clinical picture jirc-sented 
by many of these patients. The 3 ’- invariably complain of weakness of 
gra.sp, pain or tenderness on pressure over the lower end of the ulna, limi- 
tation of rotation, and an annoying prolru.sion of the ulnar head (Fig. 1). 
The fact (hat this inominence i.s increased on pronation or .supination has 
led to the belief (hat (he ulnar head ha.s dislocated. In con.scquence, 
resection of the head', or e^’cn reconstruction of the inferior radio-ulnar 
ligaments^, lias been recommended by way of treatment. 

When the roentgenograms of .such ca.ses are studied attentively, one 
fact stands out clearly, — there has been a reversal of the normal relation- 
.ships of (he radial and tdnar stjdokls. Instead of being above, the ulnar 
styloid lies at a level below (hat of the radial .styloid. Moreover, the ulnar 



Fig. 1 


Sho«-.ng marked prominence of the right ulna, witli tendency ton-ard radial 
deviation of tiie hand. 

* Received for publication October 17, 1940. 
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styloid projects distally so far that its shadow overlaps the shadow of the 
proximal row of carpal bones. 

This is a matter of great importance. Normally, the additional 
length of the radius acts to keep the carpal bones distal to the lower end of 
the ulna, so that rotation is not impeded. However, when the radius is 
shortened by impaction, the relath’^ely longer ulna impinges against the 
proximal row of the carpus and interferes with rotation. This bony block 
acts to cause a forward dislocation of the carpus and the radius, so that 
relatively the ulna appears to di.slocate posteriorly. 

Obviously, the indication for treatment is proper reduction, with 
special attention to maintaining the relative lengths of the bones. In 
those cases seen after firm union and deformity have occurred, a lengthen- 
ing of the radius to restore the normal relationship of the bones would be 
indicated. However, as in other cases where equalization of bone lengths 
is necessary, it has been found simpler to shorten the normal bone than to 
lengthen the affected bone. 

The following case is typical of the condition and of the therapy 
which has been successfully emploj’^ed. 


J. K., aged fifteen, first seen in the Out-Patient Department in 1935, complained of 
pronated feet. At that time it was casually noted that the right wrist had some radial 
deviation. There was no limitation of motion and no other abnormality was noted. 
Because of the fact that the patient made no complaint of the wrist at this time, no 
roentgenograms were made. The patient was not seen again until November 1939, when 
he returned, complaining of pain in the right wrist. 

The patient stated that in 1937 he had fallen a distance of sis feet and had fractured 
the right wrist. Treatment consisted of simple immobilization, by means of a splint, for a 
period of about one month. The patient apparently bad had no symptoms until several 
months previously, when he began to have pain on motion of the right wrist. 

Examination disclosed radial deviation of the hand, with a definite prominence of 
the lower end of the right ulna, suggesting dislocation (Fig. 1). Pronation caused a 
marked increase in the ulnar projection. An effort to reduce the dislocation, even by 
marked radial deviation, was unsuccessful, and caused much pain. Ulnar motion of the 
hand was limited, but all other motions were free and painless. The ulna was abnormally 
mobile and the hand grasp was definitely weak. 

The roentgenogram (Fig. 2) disclosed a separation of the forearm bones at the distal 
radio-ulnar articulation. The plane of the inferior articular surface of the radius devi- 
ated sharply anteriorly and medially, so that some observers were inclined to consider it 
as evidence of an early Madelung’s deformity. The most striking feature of the roent- 
genogram, however, was the discrepancy in length between the two bones. The ulnar 
styloid obviously projected below the level of the proximal carpal row, and the ulnar head 


no longer articulated with the lesser sigmoid cavity of the radius. 

Since the ulna had suffered no injury, it was apparent that the disproportion between 
the two bones was due to the fact that the lower end of the radius had telescoped into the 
radial shaft at the time of fracture. In fact, it was the radius which was abnormally, 
short, rather than the ulna which was abnormally long. Clearly the indication was to 
restore the relative lengths of the forearm bones, either by lengthening the radius, or by 
shortening the ulna. The latter was chosen as being technically less complicated. 

On December 5, 1939, a two and one-half inch incision was made on the ulnar side o 
the forearm, just above the tip of the ulnar styloid. An oblique, subperiosteal resection o 
three-fourths of an inch of the ulna, one inch above the ulnar styloid, was performs 
The osteotomized ends of the ulna were drawn together and wired. The wound vas 


JOINT soegery 


THE JOURNAL OF BONE AND 



CUFF l!i:SKCTION OF ULNA 


313 



Fig. 2 


FoentKenoKnim .‘-liowiiiK intci fcrc- 
enco in the Rrowtli of the lower end of 
the nidinv, apparently due to a partial 
.syno'-teo'-iv. 'i'he ulnar head projects 
below its normal level. The hand is in 
slight radial deviation. 









H 




Fig. 3 


Postoperative roentgenogram. The 
ulna has been shortened, so that its 
head articulates with the radius. The 
.so-called dislocation of tlie ulna has 
been eliminated. 


clo.scd and a plaster-of-Paris bandage was applied, with the elbow in fle.vion and the fore- 
arm in mid-pronation. Upon removal of the plaster on December 18, 1939, union was 
firm. The roentgenogram (Fig. 3) showed the ulnar head articulating normally with the 
lower end of the radius. The prominence of the ulna had disappeared and, clinically, 
there was no evddence of dislocation of the ulna. Ph 3 'siotherapy was instituted to 
restore the normal range of motion. Examination in April disclosed normal return of 
painless and powerful function, with complete disappearance of the annoying deformity. 

This procedure has been used with success in several such cases. 
Tlie report of tliis case empl]a.sizes the importance of restoring the anatom- 
ical relationship of length in adequately reduced Colies’ fracture, and it 
presents a relatively simple method of correcting a common deformity due 
to improper reduction of Colles’ fracture. 
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EPIPHYSEAL DISLOCATIONS IN SCURVY * 


BY WALTER SCOTT, M.D., F.A.C.S., HOLLYWOOD, CVLIFORNI^ 

From ihe Orthopaedic Department of the Children’s Hospital, Los Angeles 

Spontaneous epiph 3 '’siol 3 'sis has been noted bj’- manj'- clinicians in the 
past. Thomas Smith, in 1876, was fiist to recognize the complication m 
a case of hemonhagic periostitis Thomas Barlow, in 1883, obseia^ed 
“crepitus, pseudoparalj'-sis and gross deformities in two knees and two 
hips ”, which from the autops 3 ’’ studies pi oved to be epiph 3 '-seal dislocations 
associated with skeletal hemoiihagcs. Since that time man 3 '- references 
haA^e been made to infantile scui V 3 ' and its associated epiph 3 ’^seal luxations. 

Clrnicalh'', the drsoider is a state of h3q30vitaminosis C rvith a 



Fig 1 

Higli-po«er pliotomiciogiapli of the scorbutic lattice, showing the salient 
pathological featuies of scul^^', — ^liighly calcified bony trabeculae with many fiac- 
tures, connective-tissue invasion of the marrow spaces, and the absence of noimal 
cellular elements. {Reproduced by courtesy of Dr. Park and The Archives of Diseases 
in Childhood ■*) 

* Read before the 33 estein Orthopaedic Association, Los Angeles Chapter, Septem- 
ir 29, 1939 . & e 

t Service of John C 33hlson, M D. 
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EPIPHYSIS 

PERIOSTEUM 


to hi'inoniingos nml soc- 
ondjiry aiiiK'niiii. 'I'lio intrinsic fac- 
tors often responsible' for this state 
arc increased body demands for 
vitamin C, alniormal destruction by 
(Imps sueli as salyeilie acid, doen'ased 
absorbability, and hypersensitivity 
for the vitamin or its allied foodstutTs,'' 
wliile the responsible ('xtrinsie cause's 
are commonly based upon the fact 
that ascorbic acid is not thermostabile 
and that it lore's iiotcncy vhen ex- 
posed to air". These etiological fac- 
tors .serve to explain why .scurvy is 
present today, our knowledge of 
modern preve'iitive medicine not- 
withstanding. 

Skeletal changes appear early in 
the di.sease, although thej’’ ma}'' pa.ss 
unnoticed in mild and subclinical 
cases. Microscopic studies are avail- 
able in only the severe cases, and 
have been adequatelj" recorded''. Os- 
teoclastic bone resorption is speeded 
up through the skeleton, but is maxi- 
mal in the metaphy.soal ends. The 
cellular elements in the marrow spaces 
migrate, leaving a connective-tissue 
frame-work {Gerusimark). Multiple 
extensive hemorrhages occur by rhexis, 
wliile cartilaginous proliferation and calcification of the proliferative 
cartilage remain normal. 

Epiphyseal fractures are a “late and very severe phenomenon” 
Barlow, from the pathological studies of his fatal cases made for him by 
Monej’’, wrote, “I would suggest that the subperiosteal blood extravasa- 
tion is the first event and the fracture the second. The extensive blood 
extravasation probably interferes with the nutrition of the bone, and thus 
the very minimum of violence, such as an ordinary movement, may lead 
to fracture”. 

While these early observations are true, it remained for more recent 
workers to show that the separation of the epiphysis from the metaphysis 
is always through the zone of calcified cartilage known as the scorbutic 
lattice (Fig. 1), which, in the roentgenogram, is represented by a narrow 
band of increased density known as the white line of scurvy or Trummer- 
feld (Fig. 4- A). Because of its high lime content it is vulnerable to 
the stresses of body motion. Microscopic fractures, legion in number. 



Fig. 2 

Artist’s drawing showing severe slip- 
ping. Note the rent and the sleevelike 
periosteal structure which remains for 
subsequent bone development. The 
denuded cortical shaft eventually un- 
dergoes complete resorption. 
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Fig. 3'A 


Case 1. Roentgenogram taken Match 10, 1939, showing anteroposterior 
view of both sliouldeis taken six daj^s before admission to the Children’s Hos- 
pital. Xote the complete sepaiation of the epiphyses from the shafts of the 
humei 1 , and absence of hematoma shadows. 

appear spontaneously throughout the lattice (Fig. 1), very early in the 
clinical course of the disease, and are a consistent feature of the local 
patholog3L 

Simultaneous^ with the occurrence of lattice fractures, hemorrhages 
appear under the periosteum, and stripping takes place with little 
resistance; thus the last stronghold of cpiphj’-siodiaphj’-seal integrit}’" is 
lost. The intact periosteum maintains a “periosteal cuff” across the 
epiphj'^seal line which, clinicallj'-, is found to be a resisting factor against 
anj^ displacement. If one removes the periosteum from a long bone of 
a young rabbit, the ease with which the e])iph3^sis can be broken off is 
remarkabb^ increased It would appear, therefore, that sei'^eral factors 
lead to epiphyseal dislocations in scurv3’^: (1) spontaneous lattice fractures 
as pointed out 133^ Park, and (2) subperiosteal hemorrhages, with periosteal 
stripping from the shaft particularkv fi-om the peripheiu'- of the epiphyseal 
plate (loss of the periosteal cuff). 

Our case reports and serial roentgenograms illustrate the startling 
degree to which the infant skeleton can adjust itself to deformities b3^ the 
S 3 "stematic process of bone production and resorption. According to a 
predictable plan, new bone is laid down b3'’ periosteal bone formation on 
the side of the shaft toward which the epiph3'^sis has been displaced and, 
to a lesser degree, on the opposite side. The epiph3’^sis, therefore, becomes 
centered at the end of a neAvb’’ widened metaph3’-sis and maintains that 
central position throughout the secondaiy stage of bone resorption which 
ultimateb' shaves the bone down to its original size and shape. 

The more marked dislocations are repaired b3^ a slightb'' different 
process which is illustrated 63'^ the roentgenograms of Case 2. Figuie 
2 illustrates the expulsion of denuded cortical bone from its periosteal 
covering through a large rent. A neiv shaft is formed within the periosteal 
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Fig. 3-A 

Case 1. Roentgenogram taken March 10, 1939, showing anteroposterior 
view of both shoulders taken si.v days before admission to the Children’s Hos- 
pital. Note the complete separation of the epiphyses from the shafts of the 
humeri, and absence of hematoma shadows. 


appear spontaneously throughout the lattice (Fig. 1), very early in the 
clinical course of the disease, and arc a consistent feature of the local 
pathology. 

SimultaneoLisljr with the occurrence of lattice fractures, hemorrhages 
appear under the periosteum, and stripping takes place with little 
resistance; thus the last stronghold of epiphysiodiaphyseal integrity is 
lost. The intact periosteum maintains a “periosteal cuff” across the 
epiph 3 ^seal line which, clinicali.y, is found to be a resisting factor against 
anjr displacement. If one removes tlie periosteum from a long bone of 
a j’oung rabbit, the ease with which the epiphysis can be broken off is 
remarkably increased It would appear, therefore, that several factors 
lead to epiphj^seal dislocations in scur\w: (1) .spontaneous lattice fractures 
as pointed out bj^ Park, and (2) subperiosteal hemorrhages, with periosteal 
stripping from the shaft particularl,v from the poi’ipheiy of the epiph.vseal 
plate (loss of the periosteal cuff). 

Our case reports and serial roentgenograms illustrate the startling 
degree to which the infant skeleton can adjust itself to deformities bj^ the 
sj'^stematic process of bone production and resorption. According to a 
predictable plan, new bone is laid down b^y periosteal bone formation on 
the side of the shaft toward which the epiphj^sis has been displaced and, 
to a lesser degree, on the opposite side. The epiph 3 ''sis, therefore, becomes 
centered at the end of a newlj'^ widened metaphj'^sis and maintains that 
central position throughout the secondaiy stage of bone resorption which 
ultimatelj" shaves the bone down to its original size and shape. 

The more marked dislocations are repaired bj^ a slightl}^ different 
process which is illustrated bv the roentgenograms of Case 2. Figme 
2 illustrates the expulsion of denuded cortical bone from its periostea 
covering through a large rent. A new shaft is formed within the periostea 
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sleeve, while the protruding shaft undergoes rapid resorption. For a 
time the new and old shafts are at an angle to each other, but in due 
course this angulation may be expected to disappear. 

The usual locations for these epiphyseal fractures are the lower femur, 
upper humerus, costochondral junctions, and lower tibia, in order of 
frequency. Recently, Sabin found epiphyseal fractures in scorbutic 
monke3's, which were most marked in the lower femur and the costo- 
chondral junctions. 

Some observers, particularljr the roentgenologists, have endeavored 
to read earlj^ diagnostic signs into their x-raj'^s, while others fail to recog- 
nize any of the bone changes as earlJ^ A history of dietarj'^ insufficiencies, 
the capillary fragility test, saturation determinations bj'^ the test-dose 
method, clinical response to treatment, coupled with oedema, spongy 
gums, and irritability, in a child between six and twelve months of age, 
vill usually serve to make the diagnosis before roentgenograms become 



Fig. 3-d 

Case 1 Roentgenogram taken Octobei 3, 1939. Furthei ossification and 
decrease m the angulation of the shaft. 



Fig. 3-E 

Case 1. Roentgenogram taken January 12, 1940, shows complete clinical cure 
without disability. 
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positive. Only one roentgenographic sign, when pre.sent, is conclusive 
and that is the white line with a zone of rarefaction in juxtaposition to it. 
The subperiosteal hematomata become calcified only after vitamin C is 
supplied, and a period of ten da3^s is required for such changes to take 
place in the clot. A subperiosteal hematoma, when visible in the roent- 
genogram, is, therefore, indicative of the healing stage, and thus is a late 
phenomenon. Epiphj^seal dislocations and subluxations likewise appear 
late. Calcified subperiosteal hematomata and dislocated epiphyses are 
not pathognomonic signs of scurvy unless thej'’ are accompanied b}'’ the 
scorbutic white lines. Unless this important finding be present, trau- 
matic epiphysiolysis cannot be ruled out. 

The differential diagnosis in a given case should not be difficult in 
the light of available diagnostic tests and roentgenographic details. 
Parrot’s disease, congenital dislocations, and Albcrs-Schonberg disease, 
may in certain respects simulate the local findings. Traumatic disloca- 
tions can be differentiated b}’^ the absence of white lines; in other 



Case 2. Roentgenograms taken March 14, 1939. New bone is laid down by P®”.. 
teal bone formation on the side of the shaft toward which the epiphysis has been o 
placed, and, to a lesser degree, on the opposite side. The epiphysis, therefore, 
cornes centered at the end of a newly widened metaphysis and maintains that 
position through the secondary stage of bone resorption which ultimately shaves 
bone down to its original size and shape. 
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ro('n(/>:('nof;r;ii)liic rc- 
spi'cls (lie (wo (ypes 
DDiy he i(leii(ie;il. 

('am; 1. Biiljy L., 
MoNiciin, ancd clevpii 
iiiontli'-, admitted to 
CliildrciiV Ilo'-pital, I/i‘- 
Annolo'-, California, on 
Marcli 10, 1039, with coin- 
idaiiits of l)lccdini; kuiu'' of 
four days’ duration, a liead 
cold of six week--' standing, 
and marked irritaliility 
wlicn liandle<l. A few days 
prior to admi‘";ion, a bi- 
lateral slif)ulder sjiiea had 
been applied for fraetures 
near the shoulders. The 
past history revealed that 
the child had never had 
orauRc juice, cod-liver oil, 
or vegetables, lixamina- 
tion showed an irritable, 
sick-looking child with a 
head cold. The gums wci'C 
hemorrhagic, the co.sto- 
chondral junctions were 
sharp, and the shoulders 
showed visible deformities. 
The red-blood-cell count 
was 2,700,000, and the 
white-blood-cell count, 
14,000. There was a mod- 
erate temperature. Treat- 
ment consistedofremow'ng 
the cast and supplying a 
diet rich in \’itamins. This 



Fig. 4-D 

Case 2. Roentgenogram taken October 11, 1939, shows 
complete clinical healing. Function is perfect. 


included orange juice and 

300 milligrams of ascorbic acid daily. General improvement was dramatic. Orthopaedic 
consultation was given, but no special recommendations were made for treatment, be- 
cause it was agreed that the prognosis for the shoulder disabilities was good. The 
patient was discharged on April 17, 1939, on a prescribed diet and 25 milligrams of ascor- 
bic acid daily. Figures 3-A, 3-B, 3-C, 3-D and 3-E show the progress as evident in 


the roentgenograms. 

Case 2. Baby M., female, aged nine months, was admitted to Childi-en’s Hospital, 
February 4, 1939, complaining of a sore left leg of two months’ duration. On examina- 
tion the child was described as irritable and fussy. Fresh blood was found in one 


auditory canal, as well as along the gum margins. The child resented any passiv'e 
motions of the left lower extremity, which presented a visibly swollen ankle and knee. 
The red-blood-cell count was 4,900,000, the white-blood-cell count, 18,000, and hemo- 
globin 75 per cent. Treatment consisted of ascorbic acid in 75-miIligram doses daily. 
A high vitamin, high caloric diet was prescribed. The child was discharged on February 
18, 1939, in good general condition. The healing process is shown by progressive roent- 
genograms (Figs. 4-A, 4-B, 4-C and 4-D). 
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CONCLUSIONS AND SUMMARY 

1 . Scorbutic cpiphysiolysis is rare in infancy. 

2. Microscopic lattice fractures and the loss of the “periosteal 
cuff” arc the factors responsible for the slipping. 

3. A natural realignment of shaft and epiphysis takes place follow- 
ing the use of vitamin C, which leads to recovery without dcformitj’^ or 
disability. 
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]H)LYOSTmiC FIBROUS DYSPLASIA WITH CUTANEOUS 
PIGIMICNTA'JTON AND CONGENITAL 
ARTERIOVENOUS ANEURYSMS 

A Ca.sk Rkpokt 

HY HKIIUKHT M. STAUKI'KIJ, A.H., M.D., ROBEKT K. ARBUCKLE, B.S., M.D., 
AND ERNE.ST E. AKGERTElf, A.B., B.S., AI.D., PHILADELPHIA, PENNSYLVANIA 

From the Departments of Neurology and Ncnrosiirgcry, Radiology, and Pathology, Temple 
University Hospital and Temple University ^^edieal Sehool, Philadelphia 

Fibrous clystrojihy iiivolviiig multiple bones has been differentiated 
in recenf years from localized and generalized osteitis fibrosa cystica.^' ® 
Lichlenslein believes it represents a distinct clinical entity and has pro- 
po.sed the term “i)ol5'osto(ic fibrous d3'^splasia”. Three further cases 
have apjieared under this designation.'- A syndrome with similar 
hone jiatholog}", cutaneous pigmentation, and precocious puberty in 
females has been described b^'^ Albright and his coworkers 2- ^ and 
others.'*- *'• A case has been studied which presented predomi- 
nantlj'’ unilateral fibrous replacement of bone, and cutaneous pig- 
mentation. iHultijile arteriovenous aneurysms were located in those 
extremities showing the most marked bone involvement. 

CASE REPORT 

History 

G. B., male, aged nineteen years, Ava.s admitted to Temple University Hospital on 
the Service of Dr. T'emple Fay on April 13, 1940, because of protrusion of the left eye 
of two weeks’ duration. There had been brownish discoloration of the left upper eyelid, 
lacrimation, and pain shooting to the vertex on closing the eye. On admission, these 
had diminished, and the proptosis was receding. 

The past medical history revealed the usual childhood diseases. The family history 
was negative. The patient came of northern European stock. Early development was 
normal. A triangular brown area was present on the back from birth. 

At two and one-half years of age trauma to the left forearm was followed by en- 
largement and bowing. At five years, after a minor injury, protrusion of the left fore- 
head was first noted. At this period, following roentgenographic study, a diagnosis of 
“bone cysts” was made. The left femur was fractured twice during the sixth year, re- 
sulting in deformity of the hip and a persisting limp. At eleven years there was a frac- 
ture of the neck of tlie left femur. Bone deformity of the left upper extremity pro- 
gressed gradually, chiefly from the eighth to the twelfth years, with an increase in the 
diameter of the arm. Minor trauma usually preceded the development of the enlarge- 
ments, which frequently were painful at the outset. 

Prominence of the veins of the left upper extremity had been present since early 
childhood, and the parents had become aware of unusual vibrations palpable over it 
when he was about ten years of age. At that time a roentgenologist stated that the 
boy's heart wa.s greatly enlarged. 

A biopsy was made from the proximal end of the left radius at another hospital 
when he was eleven years of age. The pathological diagnosis was osteitis fibrosa cystica. 
On that basis, exploration of the neck was carried out, and a small parathyroid gland re- 
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moved, which was leported histo- 
logically normal. Subsequently, a 
series of roentgen-ray treatments of 
the parathyroids was given. The 
patient felt that there had been little 
progression of his deformities since 
the parathyroidectomy. 

Puberty had occurred at about 
the normal time and sexual desire 
was normal. The cardiorespira- 
tory, gastro-intcstinal, genito-uri- 
nary, and nervous systems were es- 
sentially negative. Growth and 
weight gain were normal. Despite 
limitation of activity due to the de- 
formities, he had been graduated 
from high school. His intelligence 
was well above average, and he had 
developed suflicicnt manual dex- 
terity to undertake drafting as an 
occupation. 

Physical Examination 

The patient was somewhat un- 
derdeveloped, measuring five feet 
five inches in height and weighing 113 
pounds. Obvious deformity was 
confined almost entirely to the left 
side (Fig. 1). Bony enlargement of 
the left frontal region and left lower 
jaw was present. The left arm uas 
greatl3' increased in diameter and 
showed a posterior bow; the forearm 
was increased in diameter in its up 
per third, and the hand was greatlj’’ distorted. The deformities and resulting ankylosis 
rendered this extremity practicallj' useless. In the right upper extremitjq slight su e mg 
of the proximal third of the arm, of the elbow, and several small bones of the lan va^ 
the onty apparent involvement. The left hip was prominent, showing co.xa vara 
formity and partial ankjdosis. The diameter of the upper third of the 
creased. On the left there were genu valgum and 10 degiees’ back-knee, ^ 
deformity, and equiiius of the foot. There was three centimeters of shortening on ^ 
the patient walking with an obvious limp on this side. The right lower ex lemi 3 
normal. A marked lumbar scoliosis, convex to the right, was present. fh'rrh In 
The skin was pallid. It was smoother and warmer over the left arm and 
the same areas the hair was more sparse and downJ^ Distribution o 
otherwise, except for scanty growth on the face. A triangular, co ee-co 
vated area of pigmentation was located on the lower posterior thoiax, ju 



Fig. 1 

Photograph showing deformities of left side of 
bodj' and proptosis of left cjm. 


midline (Fig. 2). . • i i n The extra- 

The left eye was proptosed with lacrimation and conjunctiva oe ' i^g„igning 
ocular movements were limited in all directions. Fundal examination s o 
oedema of the left disc. Perimetry revealed only a relative centra sco o negative. 
Vision: left eye Ms; right eye ^ 2 - Examination of s ^.gre normal. 

Audiometer readings showed bilateral mixed deafness. B. i 
The teeth were normally developed. The thyroid gland no en a 
The heart was greatlv enlarged, with a forceful apical thrus . 
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IiMlpMhlo in llic (iflli iiilci.'-pMcc.clcvc'n (•('nlimnlpr.'- fiom (lie micipternal line. The left bor- 
der WM'; peieH‘-'-ed nt t!i(' nideiior a\ill:irv line in (he fifth interspace. A har.sh basal 
.sy.'-tolie mtirintir was best iieard in (he .second left inter.siiaee. On compre.ssion of the 
left axillai.v and femond arterie.s, the' nnirniur <liniinished perceptibly, together with 
.slowing of (he piiKe rate fioin eighty to .sixty per iniinitc. This “ brad}’cardiac phenome- 
non ” was abolished by oni'-thirtieth of a grain of atiopine sulphate given intravenoush'. 
It was aeeoiniianied by a reduction in the amplitude of eardiac pulsations, as revealed by 
fluoroscopy, 'riie latter .show(>d enlargement of ail chamber.s of the heart with a eom- 
puted volume of !12.‘) eiibic cent imeter.s. The electrocardiogram was normal. The 
blood iiressure in tin' recumbent 
position was l.')() PO in (he right 
arm, jind ItiO, 0 in (he left. 

Thrills and continuous bruits with 
.sy.stolic accentuation were iires- 
ent above (he left clavicle and 
Ihioughout (he left arm, espe- 
cially over the larger arteries. 

There was aKo a thrill and biuit 
over the left femoral artery just 
below the inguinal ligament. 'I'he 
veins of (he left arm were gieatly 
dilated and tortuous, the larger 
one.s .showing .sy.stolie inils.ations 
(Fig. 3). Oscillomctrie readings 
.showed abnormally great ami)li- 
lude of pulsations over the left 
arm, forearm, .and (high. \’cnous- 
pressurc determination.s g.ave 
equivocal r&sults. Sodium-cya- 
nide circulation times were: right 
arm, 15.8 seconds; left arm, 11.2 
.seconds; and right femoral vein, 

9.2 .secoiuLs. Skin-temperature 
reading.s over the left arm aver- 
aged from 1 to 3 dcgrcc.s F’ahren- 
heit higher than on the right. 

Sweating occurred moi'e readily 
over the left arm than elsewhere 
following pilocarpine (The devel- 
opment of blue color in a .starch- 
iodine mixture was u.sed as an 
indicator). 

The abdomen and genitalia were essentially normal. Rectal examination was nega- 
tive. Neurological examination revealed nothing significant except an equivocal 
Chvostek’s sign. 

Roentgcnographic Findings 

Examination of the skeleton revealed most of the bone structures to be involved by 
an unusual process. The bone changes were all of the same type but differed in degree 
and extent, and, apparently, in duration at various sites. While the lesions were pre- 
dominantly on the left side of the body, there were similar, but less well-advanced, 
changes on the right side, exclusive of the lower extremity. 

The skull (Fig. 4) showed marked thickening of the frontal bone with marked ir- 
regularity in density. The frontal sinus had been replaced by expanded, coarsely 
trabeculated bone. The bone structures along the floor of the anterior and middle 
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Fig. 2 

Photograph of back showing pigmented area to 
the left of the midline. 




Fig. 3 

Drawing of left upper extremity allowing dilated veins and indicating couise 
of palpable arteries with the sites of maximum bruit. 


fossae were involved, but the posterior part of the skull appeared noimal. Th 

volvement on the left side was much more extensive. , iiTes:- 

The left humerus (Fig. 5) was greatly expanded, and the cortex was i 
ular. Bowing was present. The medullary portion of the ® j^ulating 

ular trabeculations of increased density, intermixed with ess en 
cysts, but stereoscopic study failed to reveal any evidence of ^ ^ bones 

The hands (Fig. 6) showed involvement, more marked on the le _ perforation 

Avere expanded and the cortex greatly thinned, but theie vas hones v'as noted, 

of the cortex at any site. Marked irregularity in densi y o ^ but no 

The trabeculations rvere prominent and ran at all angles, i 

true cysts could be demonstrated. rii^tortion confined to the 

The pelvis (Fig. 7) revealed marked asymmetry with d acetabulum had de- 
left side. Softening and molding of the pelvis in the region mbere was marked 

formed these structures, and the acetabular fossa was very ® ^ ! between the neck- 

shortening of the left femur contributed to by the marked angulation 
and shaft of the femur, and by the coxa vara deformity. 
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111 .‘Hiditioii to tlu' areas illustrated, the left lower extremity, the right upper ex- 
tremity, the maiidilile, .several ribs, and .several vertebrae al.so .sliowed involvement. 

Ijtthnratarij Dntn 

In determination.s on finger blood from both hands the hemoglobin wa.s 9.5 grams 
per I(X) eubie eentimeter.s and the red blood eelLs 4,230,000 per cubic millimeter. 
IDifferenlial and jilatelet eounts, .sedimentation rate, protlirombin, and coagulation times 
were normal. 'J'here was no Henee-Jones protein or other abnormal finding in the 
urine. IMood and .spinal-fluid .serologj-, and the tuberculin test were negative. Basal 
metabolic rate, gastric analysis-, Mosenthal test, urea clearance, and glucose tolerance 
all were within normal limits. 

O.xygen saturation of venous blood * in the right forearm was 34.8 per cent., in the 
left forearm, 00.2 jicr cent. 

Xo anterior jiituitarylike hormone or e.strone was detected in two forty-eighHiour 
urine .speeimen.s. In two twenty-four-hour specimens there were 7.0 milligrams and 4.0 
milligrams re.speetivcly of androgens, calculated ns androsterone, by the method of 
Callow, Callow, and Emmons.^ 

(In several determinations between September 8, 1932, and August 20, 1934, at an- 
other hospital, the .«erum calcium had been reported as between 9.2 and 12.5 milligrams 
per 100 cubic centimeters; and the phosphorus between 2.3 and 3.9 milligrams per 100 
cubic centimeters.) 

In weekly determinations the serum-calcium level was between 7.0 and 9.0 milli- 
grams per 100 cubic centimeters; the pho.sphorus between 3.6 and 4.6 milligrams per 100 
cubic centimeters. The phosphatase activity ranged between 37.6 and 64.0 Bodansky 
units, c.xcept for an isolated value of 132 units. Blood sugar, urea nitrogen, non-protein 

* O.xvgen-sat uration determinations were done by Dr. Robert H. Hamilton, Depart- 
ment of Physiological Chemistry. 


Fig. 4 

Roentgenogram showing characteristic bone lesions. (See also Figs. 5, 6, and 7.) 



VOL. X.XIII, NO 2. APRIL 1041 





328 


H. M. STAUFFEK, R. K. ARBUCKLE, AND E. E. AEGBRTER 



nitrogen, chlorides, cholesterol, and 
cholesterol esters were within nor- 
mal limits. 

Two six-day calcium-balance 
studies were essentially normal. 
On a calcium intake of approximate- 
ly 0.1 grams daily the output aver- 
aged 0.01 grams in the urine, and 
0.14 grams in the faeces daily. On 
a daily intake of approximately 0.9 
grams the output averaged 0.01 
grams in the urine, and 0.30 grams 
in the faeces daily. 

The smear from a sternal 
puncture revealed no gross abnor- 
mality of marrow cytology. 

Course Jn Hospilal 

The patient was ambulatory 
throughout his stay of nine weeks. 
The proptosis receded sponta- 
neously, and the ej'e had regained 
normal appearance b."^ the end of 
the third week. The extra-ocular 
movements were also restored to 
normal, and the oedema of the left 
disc was no longer present. Dur- 
ing the first week the blood pressure 
in the right arm remained about 
160/100; from that time until dis- 
charge it was consistently about 120/70. Tlie spinal-fluid pressure uas tuenty milli 
meters of mercury in the first week and eight millimeters in the third u eek. ^ 

quate explanation was found for these changes. There was no other evident a teia to 
in l)is clinical condition. 

Trealmcnt 

The hypochromic anaemia failed to respond to ferrous sulphate ^ 

Ertron (200,000 U. S. P. Vitamin D units daily) was given from May 27, WW, 

15, 1940, and dicalcium phosphate (3.0 grams daily) from June 4, 1940, to June , 
with no significant effect on the serum level or urinary output of ca cmm. 

Pathological Ref art 

Biopsy specimens were taken from the greater trochanter of the I [.jjj 

the right ulna, and right humerus June 8, 1940,* and from the ^ Pig ^xg^xl\o.yeT 
Grossly, the bone specimens consisted of elastic, gritty tissue covered y the 

of cortex. Sections presented very similar microscopic pictures ^ting. 

compact cortical bone was intact it appeared thin, and in some p aces w . . 

Despite the loss of normal cortical bone there was IduIImY an^ 

activity of the periosteum. It was impossible to dfetingmsh hetu een the ^ 
spongy portions. Both these zones were replaced by a bom 

bedded irregular spicules and fragments of degenerating bone, imperfectly calcdie 

and osteoid tissue. , rp, location of this ma- 

Bone spicules in all stages of disintegration were found. 

* Bone biopsies were performed by Dr. John Royal Moore, Department o 

paedic Surgery. • 

the journal or bone and joint su 


Fig. 5 


roLiosro'iU' rniHoxis i)ispl\sia 


329 



Fig. 7 


VOL XXIII NO 2 APRIL 1941 






330 


H. M. STAUFFER, R. K. ARBUCKLE, AND E. E. AEGERTER 


terial sho\\ ed little i elation to the presence of giant cells. The spicules identified as bone 
were often heaviei , moi e n i egulai than normal, with spotty calcium deposition and a 
faiily normal sui rounding membrane of osteoblasts in specially stained tissue The 
gi eater pi opoi tion of diffei entiated tissue, however, was composed of irregular spiculehke 
pieces of osteoid or fibi ous bone tissue. This material shou ed little inclination to calcify 
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1 ho onliio hnokf'iouiid o()n''i>toiI of :i liljiou'.liko ti-'Mio of Viiryiiifi; density compoDed 
III !i few 111 oil'' of oolls loo'-olv iind liiiiiliii/iiidh placed, showing the moipliology of faiily 
\ming 0 ''t<’ohhi'-t‘' Moio gi'iioi.dlv, the (olK woio definitely spindled, the nuclei lela- 
tivoly pyknotio, and ai langod in Inindlo-' lo-oiiihhng inoie adult fihious connective tissue. 
'I'lio pio'enco of huge aiiioiiiils of colhigon was donioiistiated by special staining There 
woio fewer blood ehannels ui this tissue than in iioimal spongj’ bone, though the tissue 
was by no means avasculai. In the majoiitt of the fields osteoclasts oi giant cells were 
lacking In somi- aie.is, howevi'i, the-e cells weie jnesent in sufficient numbeis to sug- 
gO'l the histologv of a Iienign giant-iell tunioi, and usually (ontained moie than a dozen 
nuclei which weie ariangi'd in the leiitei of the cell without pattern. Mitotie figures 
weie found in none of the cells Xo li/ioid deposits oi significant collections of inflam- 
niatoiy cells weic seen The whole suggests .a diffuse fibious dysplasia which has upset 
noiinal bone aiclutectuie and giowth 'riieie was both osteogenesis and osteolysis, yet 
neither jirocess apiieaied to be noimal Coiniiai ison of sections of this tissue with those 
of a bone biojisy taken eight ye.iis ago in anothei hospital piesentcd essentially the same 
pictiiie, except that in the lattei iiioie of the fibious cells appealed to be j'oungei, sug- 
gesting a nioie active phase of the disease. 

A section made of the biojisy removed fioin the pigmented skin showed an entirely 
normal histology except foi an abnoimal amount of pigment which was concentiated in 
the basal cells and doeiiei layeis of the stratum spinosum This lesembled the histology 
eiicounteied in sections of the pigmented aieas fiom cases of von Recklinghausen’s 

neuiofibromatosis. 

The section of the paiathyroid gland taken at about the time of the fiist bone 
biopsy showed a inodeiate seiondao' hj’pei plasm. The chief cells weie noimal m size, 
though iiici eased m number, and showed a tendency to an acinic aiiangement Fat and 
ox-yphil cells weie lacking The lack of oxyphil cells may be due to the age of the pa- 
tient when tiie Inopsy was taken The lest of the pictuie is entnely compatible with a 
diagnosis of secondaiy hyperplasia as dcsciibed by Castleman and Malloiy ® 

DISCUSSION 

The findings in this case eliminated generalized osteitis fibrosa 
C 3 ’’stica, osteitis deformans, Ollier’s dyschondroplasia, and neoplasm. To 
explain the bone disorder there remained the condition variously called 
osteodystrophia fibrosa, regional fibrocystic disease, osteitis fibrosa in 
multiple foci, etc. Lichtenstein’s descriptive term, polyostotic fibrous 
dysplasia, seemed peculiarly appropriate for this typical case in xdew of 
the widespread distribution of the lesions. The condition is character- 
ized as follows: 

1. Climeal Picture: Deformity, pain, and limp usually appear in 
childhood or early adult life Pathological fractures, frequently with 
delayed union and malunion, bowing of weight-bearing bones, and coxa 
vara are common. Inx'^olvement tends to be unilateral. The process 
progresses slowly ox'^er many years, exi^entually becoming static. 

2. Boentgenographic Findings: Any of the bones may be inxmlx^ed, 
the most frequent being the femur, tibia, humerus, and radius, in the order 
named. The diaphysis and metaphysis are regularly affected, the epiph- 
ysis more rarely. The shaft is expanded, with the cortex markedly 
thinned. There are numerous irregular, apparently trabeculated areas 
of decreased density, commonl}’’ misinterpreted as cysts. Sometimes, 
especially in the radius or tibia, diffuse ex’^enly distributed porositj’' with 
a paper-thin cortex may be seen. 
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3. Chemistry: The serum calcium is normal or slightly elevated. 
Calcium-balance studies have, for the most part, yielded normal results. 
The serum phosphorus is normal. Significant elevation of the phos- 
phatase level is frequent. 

4. Pathology: Thinning of the cortex is obvious grossly, the medul- 
lary cavity being occupied by solid, resilient, gritty fibrous tissue. Cysts 
are infrequently found. Microscopically, relatively avascular fibrous 
tissue replaces the cancellous bone and marrow. Trabeculae of imper- 
fectly calcified new bone and osteoid tissue are scattered through this 
fibrous matrix. Periosteal deposition of new bone is not obvious, and the 
endosteal surface is eroded. Areas of giant cells may be found and occa- 
sionallj'^ islands of hyaline cartilage. There is no histological eAudence of 
inflammation or neoplasia. The histological picture of the bone probably 
is not specific for this disease. In biopsy sections of cases of osteitis 
fibrosa cystica, benign giant-cell tumor, and in some instances, perhaps, 
osteitis deformans, the histology may be similar. 

Instances of similar lesions involving a single bone have been de- 
scribed.^ These may represent a monostotic variant or a stage in the 
evolution of the disease. There is also the possibility that lesions in other 
bones have been overlooked. 

This case differed in one particular from the typical case as described 
above. The serum calcium was persistently low during hospitalization. 
Eight years before, prior to parathyroidectomy, and during two years 
thereafter it was reported normal. This might suggest that mild hypo- 
parathyroidism had developed. It is more likely that considerable vari- 
ation in the serum-calcium level may occur in the individual case, depend- 
ing on the activity of the bone lesions. 

It seems worthy of mention that many of the cases in the literature 
were also subjected to exploratory operation for parathyroid adenomata 
and some to parathyroidectomy before the nature of the condition was 
recognized. 

The skin pigmentation relates this case to those of Albright and ns 
coworkers, McCune and Bruch, and others ■*’ which had bone 

lesions apparently representing polyostotic fibrous dysplasia, together 
with cutaneous hyperpigmentation, and precocious puberty in fema eo. 
As in this case, there was a tendency to unilaterality, the skin and one 
manifestations both being more marked on the same side. No endocrine 
dysfunction was observed in the few male cases reported by the a m 
authors. However, polyostotic fibrous dysplasia was recently descri 
in a male sixteen years of age with feminine secondary sexual ® 

istics.i" A large hemorrhagic cyst of the skull was an atypical 
this case. Albright, Scoville, and Sulkowitch^ suggested that le 
laterality in these cases might best be explained on the basis o a 
seminated neurological lesion, to which the endocrine Jq. 

secondary. No evidence was found in the present case or ei 
crine or neurological disturbance. 
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J ho (liiiKMosis of limit ipl(' conpii'uiliil arteriovenous aneurysms in the 
left ujit^er extremity, with the stronp; jirobabilit)’' of similar communica- 
tions involvinij the left femoral artery and vein, was substantiated by the 
following: findings; 

]. '^rhriiis and imiits over the left upper extremity and left 
femoral artery. 

2 . O.xygen saturation of !)l) per cent, in venous blood from 
the left forearm. 

3 . IliRher skin-temiierature readings over the left upper 
extremity. 

■ 1 . (Jreater amplitude of oscillometitc readings over the left 
arm. forearm, and thigh. 

o. Bradycardiac irhenomenon. 

(). C'ardiac enlargement. 

Idiis appears to be the first reported instance of pol3'-ostotic fibrous 
d3'.sj)lasia with such a comiilication. Although hemih3’’pertrophy of ex- 
tremities ina3' occur with arteriovenous fistulae, the latter probably 
pla3'cd a minor role in producing the extreme degree of involvement of 
the left upper e.xtrcmit3’’ and femur. The association of this congenital 
vascular anomal3’’ with a disorder of bone, likewise a mesodermal deriva- 
tive, strongl3’- suggests that the two may have some congenital factor in 
common. This su))j)orts the view of Lichtenstein that polyostotic fibrous 
d3'splasia results from a congenital disorder of the bone-forming mesen- 
chyma. The varied findings which have been associated with it in the 
reported cases ma3'', for the pre.sent, we believe, logically be assumed to 
represent further manifestations of the defect in the germ plasm responsi- 
ble for the bone patholog3^ 


SUMMARA’ 

1 . A case of pol3mstotic fibrous dysplasia with cutaneous pigmen- 
tation in a male is presented, together with the diagnostic criteria of the 
disorder. 

2 . The presence of arteriovenous communications on the side of the 
predominant bone involvement is adA^anced as additional evidence for 
a congenital etiology of the condition. 

3 . Recognition of the nature of this osseous dystrophy may prevent 
unnecessary surgery and possible sacrifice of normal parathyroid glands. 

The assistance of Hugo Roesler, M.D., George E. Farrar, Jr., M.D., and I. W. 
Ginsburg, M.D., in carrying out this study is gratefully acknowledged. 
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A S'l'UDY OF PAliALVTIC SCOLIOSIS 
BASKO ON FO'K HUNOBKD (’ASKS OF POLIOMYELITIS*! 

HY PAUL C. COLONXA, M.D.. AND I’RKDEIIICK VOM SAAL^ M.D.^ 
OKLAHOMA CITY, OKLAHOMA 

Frov) ilir Dipnrlinciil of Orthopaedic Surgcnj, I'liivcrsity of Oklahoma School of Medicine, 

Oklahoma City 

’’J'lio purpose of (Ill's roiiorl is (o review the findings in a series of 150 
palienls wi(Ii paralylie seoliosis, and lo analyze some of the mechanical 
factors involved in the development and treatment of these cases. An 
attempt has been made to determine the rea.sons for the development of 
the curvature, and its iio.'^siblo prevention and treatment. The follow-up 
lieriod has e.\tended back twenty years with a rather even distribution of 
cases each year e.xeept 19.37, in which there was a poIiom\'elitis epidemic 
within the state. 


GENEHAL COxXSrDERATIOXS 

Scolio.sis has developed in 150 patients, or 30 per cent., of the 500 
cases of imliomyelitis studied to date. This .seems an unusuall}^ high per- 
centage, and the authors hoiDC to .show some of the reasons for it, keeping 
in mind that a re\’ision of this percentage ma}’’ have to be made as the 
.study continues. A Scolio.sis Clinic at the Crippled Children’s Hospital 
has been established, and all cases of lateral curvature of the spine have 
been registered. Sixt.y-two per cent, of them have been caused by 



5c.ollo3iS case5 iScoliosis ca$eS 

Fig. 1 

* Read at the Annual Meeting of the American Orthopaedic Association, Kansas 
City, Missouri, Ma}' 7, 1940. 

tThis work has been made possible by a grant from The Isational Foundation for 
Infantile Paralysis, Inc, 
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A^e of OTLSef of I^lio E3 


A^e of onset of .Scoliosis H 
in 



infantile paralJ^sis (Fig. 1). Figure 2 shows the age of onset in all the 
poliomyelitis cases, and the approximate age of the patient when the 
scoliosis developed. There was a latent period, before the development 
of the curvature, which ranged from a few months to twelve jmars, but in 
this delayed-development group the patients presented little if any trunk 
involvement. Here it is felt that other mechanical factors such as weak 
hip muscles or unequal leg length plajmd the more important part. 

It has been said that scoliosis will not progress after growth ceases, 
this the authors have found to be true of the idiopathic type, but not true 
of all the paralytic cases in this series. Four cases were found in whic 
the curvature developed after the age of sixteen, though repeated measui^ 
ments showed no further growth. In one a severe scoliosis develope 
at about twenty years of age. In a review of 500 poliomyelitis case^ 
forty-five, or 13.5 per cent., had some upper-extremity paralysis, an 
in thirt.y-six, or 81 per cent., of these scoliosis developed. Foui lu 
dred and thirty-five patients, or 87 per cent., had some lower-extremity in- 
volvement, and in ninety-six, or 22 per cent., of these scoliosis dew ope . 
One hundred and fifty-seven, or 31 per cent., of these patients had trunK 
involvement, of whom 135, or 86 per cent., showed a scoliosis. Seven ] 
cent, of the patients with structural scoliosis had extremity involvem 
without any demonstrable trunk paralysis. There were twentl-one ca 
with paralytic involvement of the trunk, but without sco losis v 
or more after the attack of poliom 3 mlitis. This gioup is pai rases 
teresting and will be dealt with in more detail latei . n e o 
examined, only seventeen patients have had a complete recmmiy f 
muscle paralysis, and of these the extremities were involved m 

and the trunk in four. _ i j early 

Very few of the patients with paralytic scoliosis had q 

treatment, as 69 per cent, had no recumbency or a perio 
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six WH'ck's (he onsc’l of tlu' discnsc '’J'wclvc per cent, ivcre recumbent 
from six lo twelve weeks; 14 percent., from three to .six months; and onl,y 5 
lier ec'ut.. six montlis or more. Back supports were employed in only one 
out of evei-y fiv(', and of) per cent, had no support at an.y time. Sixteen 
])er rent, had siijiport before the spinal deformity was detected, and 
iwenty-fn’e iiei'cenl. rereii'ed support only after the scolio.sis was obvious. 
It is of inti'rest that severe deformitydeveloiied in many of the lattercases. 
It is the authors’ belief that effiriemt support of a progre.s.sive scoliosis is 
very difficult, and with tin' high thoracic curve it is virtuallj" impossible. 
With a lumbar curve, the spine may be supported in a plaster or celluloid 
jackc't. or occasionally with a crutch type of brace. 

3'hirty pati(>nts had been fitted with canvas corsets, usually before 
becoming ambulatory, and standing roentgenograms, taken with and 
without the corset, showed the.'^e .supports were usually ineffective. Va- 
rious types of back braces were ('inployed, but it was not infrequentl}" 
found that the curvature extiauled above the edge of the brace so that 
the lack of su])port was obvious. In most of the cases with progressive 
curves, the inadequacy of any type of supportii'e treatment could be 
demonstrated by the standing and .supine roentgenograms. The accor- 
dionlike deformity which dei'cloped in many of these patients was 
remarkable, and head traction often demonstrated an amazing degree of 
correction. Figures 3-A and 3-B .show a child who was easily lengthened 
eight inches by head traction, being manually lifted. 

While it is the authors’ general 
impression that scoliosis develops 
more rapidly during active growth 
periods, other factors — such as a short 


Fig. 3-A Fig. 3-B 

Photograplis of patient, aged eight, in sitting position. Isote the accordionlike 
characteristic as she is lifted manuallj' b 3 ' the chin and occiput. 
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Note; The names of the muscles shown on this drawing do not in all cases 
coincide with the names generally used in The Journal: 

Rectus =rectus aljdominis; 

Transversnlis =transversus abdominis; 

Internal obli(que = obliquus internus abdominis; 

External oblique = obIiquus externus abdominis; 

Psoas =psoas major; 

Erector spinac=sacrospinalis. 

period of recumbency following the disease, the build of the patient, and 
the severity of the original parab^sis — tvill also influence the degree of the 
curve. Severe curves developed in all of the cases with marked 
metrical paral3'’sis, though in 14 per cent, progression was arrested and 
corrected bj'’ turnbuckle jacket and fusion treatment. 

The postpoliora3mlitis scoliosis develojring in a 3mung child is usually 
a progressive affair. Therefore, efforts should be directed toward preven- 
tion of the scoliosis as far as possible. The authors believe that any pa- 
tient with a trunk pai-ab'^sis should have a minimum period of six months 
in absolute recumbenc3^ Ph3^siotherap3’' ma3^ be instituted after the 
muscle tenderness has subsided and, if intelligent^’' used, vdll undoubted 3 
aid, but if not intelligently used it ma3’' strengthen the strong muse e 
groups and not affect those which are parabvzed. 

PHYSIOLOGICAL CONSIDERATIONS 

As pointed out b3^ Jones and Lovett man3'' 3^ears ago, lateral 
and rotation of the spine do not occur as separate movements, so, v 
the spine is bent laterall3'', a certain amount of rotation autoroa 
occurs, and the bodies of the vertebrae are rotated toward the coni ex 

of the curve. . . -• +},g 

The majorit3^ of the lateral curvatures begin at the junction 

thoracic and lumbar regions. The thoracic region of the 
has very little motion in any direction, not only because the thora 
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Fig. 5 

Paralysis of tlie iliopsoas oc- 
curred in 103 cases, and of tlie 
gluteus medius in 120 cases. 



and of the gluteus ma.ximus in 
eighty-five cases. 


i.s attached in this region, but also because of the conformation of the indi- 
vidual vertebrae in this portion of the spine and the absence of anj'^ 
muscles permitting flexion in the thoracic cage. Posteiioily the sacio- 
spinalis group of muscles produce extension throughout the entire spine. 
In the lumbar region the quadratus lumborum, psoas majoi and minoi, 
and the abdominal muscles play"^ a veiy important part in pioducing paia- 
hdic scoliosis (Fig. 4). Mackenzie has pointed out that the abdominal 
muscles do not produce flexion or rotation of the trunk, but with this the 
authors do not agree. These muscles are, however, primarily for support 
of the abdominal wall and for use in the ph 3 ^siological processes of respira- 
tion. Contraction of the rectus abdominis, Mackenzie points out, does 
not cause phj'^siological relaxation of the sacrospinalis gioup of muscles. 
These abdominal muscles give increased strength to ^dsceral suppoi t and 
are useful as the antagonists of the diaphragm muscles. The authors are 
convinced that the principal muscles flexing the spine are the rectus ab- 
dominis, internal and external obliques, as well as the iliopsoas and quad- 
ratus lumborum. If the muscles producing the patient’s spinal move- 
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Fig. 7 

Paralysis of tlie rectus ab- 
dominis occurred in seventy- 
four cases, and of the latissimus 
dorsi in sixty-three cases. 


ments act normally, there is a normal range 
of motion. If the flexing muscles can act only 
unilaterally they will, with the exception of the 
iliojJsoas, produce a lateral deviation and ro- 
tation of the spine with the concavity toward 
the strong side. The iliopsoas ndll produce a 
convexity toward the strong side. In this 
studjf lumbar paraljdic scoliosis Avith abdomi- 
nal-muscle involAmment alone has been found, 
although occasionally the same cun''e has de- 
veloped without abdominal-muscle paralysis. 
It would be particularly interesting to know 
whethei' the type oj’ degree of curve that ivill 
routinel3'’ develojj from a spinal or abdominal 
paraij'sis can be predicted. It may be of 
some value to compare the spinal potentiali- 
ties for movement ivith those found in an 
extremity. In the extremities various move- 
ments are produced b3'^ one set of flexors, 
rotators, and extensors, but in the spine 
these movements are produced b3^ two sacro- 
sinnalis groups, tivo iliopsoas muscles, two 
quadratus lumborum muscles, etc., — one set 
on each side of the bod3\ This construction 
of two groups of flexors and two groups of 
extensors and rotators greatly increases the 
complexity of the whole scoliosis problem. 
The deformit3'', therefore, is ahvays depend- 
ent upon the muscle pulls plus the indiiddual 


bone conformation of the particular vertebrae involved, and these 
factors are 'present even though the paralytic patient is recumhent. The 


authors liave seen curves jiroduced through this muscle imbalance 
even though the patient ivas recumbent and properly splinted. Added 
to this is the great factor of gravity Avhenever the patient resumes the up- 
right position. Therefore, deformity is produced by the pull of the 
stronger opposing group on one side or other of the bod3^ plus gravity. 
Steindler states that where the great rotators of the spine are lacking, the 
curvature may develop during recumbenc3'^, and he believes the exteinai 
oblique is one of the most important rotators. The abdominal oblique 
muscles are the stabilizers of the rib cage, which enable it to swing latei 
ally Avhenever the arm and shoulder girdle movements and the leg an 
pelvic movements produce an as3’'mmetrical pull, and this pull gives rise 
to a rotaiy spinal deviation. The pull in one direction of the sena us 
posterior inferior, which is the chief opponent of the abdominal o 3 iq^ 
and opposite transversalis colli, may be the stabilizing influence agains 


this side tudsting. ' 
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The rhomboids were paralyzed 
in fortj’-two cases. 



Fig. 9 

The trapezius was paraij'zed in 
twenty-eight cases. 


MUSCLE GROUP INVOLVEMENT 

jMaj^er made the observation some j'^ears ago that a fixed pelvic ob- 
liquitj’- ma}’- be caused b}'’ contracture of the spinal muscles, of the abduc- 
tor or adductor muscles about the hip, or by a combination of these, and 
Irwin has recently" written on this same subject. Certain cases of pelvic 
obliquity, arising from contracture of the abductor group of muscles of the 
hip, with a distinct lowering of the pelvic crest and subsequent curvature 
of the spine have been noted in this study. This spinal curvature becomes 
obvious when the limbs are placed parallel, — the attitude assumed in 
weight-bearing. Onty two cases have been found presenting fixed pelvic ob- 
liquity from this cause, which is somewhat at variance with the findings of 
Maj'^er and his associates. The authors are inclined to think this adduc- 
tor contraction is frequently secondary^ rather than primaiy, in cases of 
paralj^ic curvatures of the spine. They have attempted to classity the 
development of the paralytic progressive curve in relation to the muscle 
pull, and feel that the stronger muscles alwa3''s tend to produce deformity, 
a fact not so well recognized in spinal deformity as in the paratytic de- 
formity of the extremities. In addition to the pull of the as3TOmetrical 
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Fig. n 


The muscle pull was asym- 
metrical iu niueteen of the cases 
of paralysis of the sacrospinahs, 
and in twenty-eight of the forty 
cases of paralysis of the quadra- 
tus lumborum. 


muscle forces, the uncomplicated inequality of leg length is 

cient to initiate the process. Unequal leg lengths was felt to be the p.( 

mary factor in twenty-two cases m this senes. convex- 

The cases have been divided into two groups: (A) c 

ity of the curve toward the strongei' muscle groups, and (B) g 
concavity of the curve toward the stronger muscle +,yenty-nine 

In Group A unequal pull of the iliopsoas was in 

of 103 cases, and as far as could be determined J infoiU' 

producing the curve (Fig. 5). The same ype o c , patients 

teen patients of 120 with gluteus medius paia ysi , Convexity 

out of oighty-avc with gluteus maximus 

toward thesound side mayresultfrom paralysrs of the Wis .m 

this spinal deformity was found iu ^-Uy- om “ ^„%dype of 
paralyzed muscles (Fig. 7). This appaien , ..npared to be wholly 

"paralysis, and in six cases >at.-ni^ 

Uonsible for the development of the ouivatuic. 
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foiiiul ill rhomho'u] {Vifr. S) nm] tivijicziiis (Fig. 9) paralysis —that is, a 
jnill toward tlu' sound side in thirty-six of a total of forty-two affected 
rlioinhoids and in the twenty-eight paralyzed trapezii. Deltoid paral 3 ^sis 
(Fig. 10) gave rise to a enrve toward the sound side in twenti^-thrcc of 
fortv-five eases of jiaral.vzed deltoids. 

Groni) B. Lownian has repeatedly emphasized the importance of 
a.symmet rival ahdominal-mnsvle paralysis. Thirty-one cases in this 
.‘-■cries pre.sented the eoneavit.v of the enrve toward the side of the strong 
abdominal mnseles. In this abdominal group there were a total of 200 
paral.vzed mn.seles with 1 20 involving the obliques and .seventy-four the 
recti (Fig. 7). A eni'vature with the eoneavit.v toward the sound .side was 
noted in tlu' eases of jiaral.vsis of the saerospinolis, which was a veiy im- 
portant factor in the develojmient of manv of the dorsal curves. The 
muscle pull was a.s.vmmet rival in nineti'en eases of the fort.y-si.x with the 
saerospinalis mn.seles involved and in t wentv-cight of forty cases of 
paral.vzed quadrat us Inmbornm mn.seles; the concavity was alwa.vs toward 
the .sound side (Fig. 11). The other twelve patients presented s.ym- 
met rival jiaral.vsis of the qnadratns Inmbonim. 

TYI'ICS OF CUHVKS IN PARALYTIC SCOLIOSIS 

In this stnd.v the curves produced have been divided into total and 
combined curves. The total curve of the long thoracolumbar type was 
found in seventeen cases. In the combined group, with piimaiy and 
.secondari' curves, there were 133 cases. In this stud.v of paralytic 
scoliosis 110 jiatients i-eturned for roentgenograms, taken with the patient 
both supine and standing, which have been carefull}'- reviewed and 
correlated with the muscle paratysis. 

The jirimaiy curve in this combined type can be divided into three 
cla.sses: the thoracic, thoracolumbar, and lumbar. There were sixty- 
three patients in the thoracic group. These curves have been divided 
roughly into tho.se extending from the first to the ninth, from the third to 
the eighth, and from the fifth to the twelfth thoracic vertebrae, and an 
attempt has been made to analj^ze each type for the muscle pull or pulls 
producing it. In the thoracic-curve group the scoliosis is apparentl}^ 
produced b.i^ the upper extremity and back paral.ysis. Of these sixty- 
three cases, thii-tv-three had the convexity to the right and thirty to the 
left, showing that the muscle paraIJ^sis is about equally divided on the two 
sides of the body. In the second class of combined curves, the mid or 
thoracolumbar curve, e.xtending from approximate!}’' the sixth to the 
third lumbar vertebrae, there were twenty-nine cases. These apparently 
were produced primarilj' bj' a combination of abdominal and upper or 
lower extremity involvement, especial!}' the latissimus dorsi. In the 
lumbar or lower type of curve, extending roughly from the tenth thoracic 
to the fourth lumbar vertebrae there were fort}'-one cases. These were 
primarily produced b}’’ jiaralysis of the latissimus dorsi, abdominal 
muscles, iliopsoas, or the abductor muscles about the hips. Beevor s .sign 
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Fig. 12-A 

Roentgenogi am of patient with complete abdominal paralysis and a marked, 
loidosis, but no scoliosis Pig. 12-A; Anteroposterioi vieiv of patient standing. 


VS a valuable one, that is, there is ivormalb’’ no movement of the umbilicus 
on raising the head from the supine position, but with paralyzed or weak- 
ened abdominals the umbilicus shifts its position as tension is placed upon 
these muscles. In this series of cases, Beevor’s sign was unfortunately not 
routinely observed, but every one of the nineteen patients in whom it was 
found presented abdominal weakness or paralysis. 

Occasionally a double primaiy curve may result from a rather ex- 
tensive paralysis. One such patient had adequate muscle paralysis to ex- 
plain the two primary curves, and in addition had the two usual compen- 
satory curves,— -a total of four instead of the usual three curves. 

TRUNK PARALYSIS WITHOUT SCOLIOSIS 

In the total series of cases, twenty-one patients have not developed 
scoliosis and yet present definite trunk paralysis. These are not incluae 
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Fig. 12-B Fig. 12-C 

Lateral view of same patient in su- Latei al view of patient standing, 

pine position. 


in the 150 cases of parabolic scoliosis, but constitute a very interesting and 
informative group. AVithout exception the trunk paral 3 rsis in each of 
these cases was almost completel}^ symmetrical. In this group patients 
were found with complete abdominal parab^sis and a marked lordosis 
without lateral curvature (Figs. 12-A, 12-B, and 12-C). Conversely, in 
over 500 unselected cases of poliomj'-elitis, there was not a single case 'with 
marked as 3 ™metrical trunk parab^sis in which a scoliosis did not develop. 
In this small group of twent 3 '’-one cases, there were fourteen patients who 
had been followed for two years or more after the attack of poliomyelitis, 
but had not developed a curve; so the future development of scoliosis in 
these cases ma 3 '^ be regarded as possible though improbable (Fig. 13). If 
the trunk can be balanced b3" the remaining S3'^mmetrical groups, it brings 
up the question of utilizing this principle in treating cases of muscle im- 
balance by methods not ordinaril 3 '^ used. Correction of para^dic scoliosis 
has not been treated as e^fecti^’•el 3 ’■ as para^dic deformities elsewhere. In 
the foot, for example, muscles are transplanted or sectioned in combina- 
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FOURTEEN CASES 


Trunk Paralysis without s3coliosis 


Left 


mgWi 


IlSESBElElBBEiEiaS^Eini 

mEWBammmmnmmam 



BISESBBiaEaBBElEaBgSIB 

muwBsmimmmmm 


|(||EB3glCIClB3E!CTEIIIEIHMBJIliBBraffffl!!!!WIBilClEligEiEIBil[^lSIEIR!!EBElB 


iHEfBiBniaKigaiaiaiapiaiaHi 

Einnis 

_ ** 

wF 

iBBraaEBEtOlEpIsBEi 
raBHHiaaBEaEECZZz: 

iGiRiQPiapiaiciPRiPEigEii 

iHiaMCHSIClBUgPEEIlBlEIEil 


Biraj 



troi BBa^sBM taaiiEEiEitaiaaPBaB 

tsmt iTrMgPaEIElBPIPtaPSHPg 

iiamHPmraniaigEEaBBia 


N = Normal G=Good F=Fair P = Poor T= Trace 0=At>s©nt 

Fig. 13 


LUTlbc 


Tiiimler 

of t 


dorsaJ 

cm've 


case5 


10 ZO 50 40 SO bO 70 so ?0 too JOS m 

% vital capacily 


Fig. 14 


tion with joint fvision to prevent recurrence of the deformit 3 ^ Maj de 
formities which are produced b^'' the vicious pull of asymmetiica 
groups be corrected througli nij'^otomies, transplantations, etc., la 
by simply fusing the spine? 


OBESITY 


About 30 per cent, of the total number of patients became 
less obese following their poliomyelitis. The increase ® 

frequently quite sudden and usually began about four mon 
onset of the disease. A number of our patients have had a ion 
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niotahnlic rale, and an ('lulocriiu' disturbancp is probably present. This 
added weishl is naturally a di.sadvantage to any patient with weak trunk 
museles, and is an added burden on the spine. 

YITAI. CAPACITY 

In .sixty-two of the patients with paralytic seolio.sis, vital-capacity 
readings weri' obtained, using the DuBois method with a Collins .spirome- 
ter, and it was found that tho.se with .seolio.sis of the thoracic region pro- 
duced tlu' lowest \’ital-eaiiaeity reading, while those with curves in the 
lumbar region consistently had a higher reading. The vital capacity of 
the sixty-two patients varied from 15 per cent, to 111 per cent, with an 
average in the thoracic region of 56 per cent, and in the lumbar region of 88 
per cent. (Fig. 14). I'hose iiatients in whom the curve involved the rib 
cage jiresented eomjire.ssion and displacement of the lungs and heart, often 
to an alarming degree. The jiatients with an extremel}" low vital capacity 
are naturally an ea.sy jirey to upper respiratoiy and lung infections and 
many of them are obviously poor .surgical risks. The use of empyema 
blow bottles and toy balloons into which the patients blew ten or twelve 
times daily, frequently caused marked improvement in the vital-capacity 
reading. In a number of oa.ses these .simple methods more than doubled 
the vital-capacity reading in from one to three months. 

METHODS OF TREATMENT 

Every effort should be made to improve the general condition of these 
patients b}" a careful regimen of muscle training, sun baths, and chest- 
expansion exercises. Attention should also be paid to diet, either for in- 
creasing or reducing the weight of the patient. Several of these patients 
also had a preoperative course of glandular therapy to improve the 
lowered basal metabolism and le.ssen the tendenej’- to obesity. 

Lowman states that the loss of the integrity of the abdominal muscles 
is closely related to the development of paralytic scoliosis, and has 
suggested the use of fascial strips. The authors’ observations have con- 
firmed his findings that fascial strips give a feeling of security to the patient, 
and have a stabilizing effect upon the remaining trunk muscles and pelvis. 
The patients have expressed themselves as feeling much more comfortable, 
and b.y better balance the.y have been relieved of the feeling of “toppling 
over backwards’’. A fascial sling has also been used in a case with 
paralyzed rhomboids; the strips were extended from the spinous processes 
to the vertebral border of the scapula, but the authors’ experience has been 
so limited that thej'^ cannot draw definite conclusions regarding its bene- 
fit. The stripping of muscles and fascia from the spinous processes and 
laminae has been reported, but the authors ha^'^e had no personal experi- 
ence with these procedures. As far as can be learned through personal 
communications, these results have been rather transitoiy. 

When an optimum general condition has been reached and an evalua- 
tion of the muscle para^^sis made, it can be assumed that the development 
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of a scoliosis AAall simply be a matter of time, if the paial3^sis is asj^mmetii- 
cal, but the opposite Avill be true if there is a fairl}'- S 3 ^mmetrical invoh^e- 
ment. This latter t3'^pc of case should be studied A''ei3^ caiefulb" foi a long 
period of time for the possible deAmlopment of asymmetiy and a late 
scoliosis. Supine and standing roentgenograms are taken of all patients 
at three-month inteiu'^als. If there is a definite progression of the ciuve, 
fusion has been recommended as the onl3’' method that will effectiA^ety stop 
the progression. The 3’’Ounger the patient, the greater is the necessity 



Fig 15 



Fig 16 

iphcation of plastei jacket with patient's curve 

,f the primaiy cui ve ahi ays stiaightens to some extent the seconoa y 

arTnfJl 
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for coriTctivo jnckot and fusion, provided 
tile paralysis is asyinmetrieal. If 

the jiatient is at the end of the growfii 
period and roentgenograins show little or 
no mobility of the jiriinary curve, fusion 
may not be necessary for the prevention of 
further (h'formity. However, other fac- 
tors will influence the patient in the choice 
of a fusion ojieration, — such as appearance, 
balance, and stability, any of which may 
make fusion (h'sirable. 

Only 14 ]ier cent, of the jiatients have 
had fusion ojierations, but a great many 
more are being prcjiared for fusion becau.se 
it is felt it offers the patient a great deal of 
benefit. The operative treatment of .sco- 
liosis depends uiion the age, and the mo- 
bility and extent of the curve, a.s well as 
the general condition of the patient. The 
extent of the primary curve is calculated 
by the method of Risser and Ferguson, 
and the Ri.sscr type of jacket is u.snally 
employed for correction. 

The jacket is ajjjdied with the pa- ing the spine. ‘ 
tient’.s trunk bent toward the concave side 

of the primary curve, because in this way the secondary curves can be 
partially or completel.y straightened (Figs. 16 and 16). This also has the 
advantage of considerably derotating the spine because the primaiy curve 
apparently acts as a unit. After maximum correction has been obtained 
b}"^ the usual wedging method, another modification has been used. The 
hinges and turnbuckles are removed and by exercising great care not to 
lose lateral correction, the upper part of the jacket is rotated on the lower 
part so as to bring the shoulder on the convex side of the curve forward. 
(Fig. 17). Marked cosmetic improvement has resulted from this ma- 
noeuvre, and the fusion operation has been therebj^ greatly simplified. 
The operation is performed through a window in the original plaster. 
Figure 18-A shows a roentgenogram of a child of eight, presenting a 
thoracolumbar type of curve straightened (Fig. 18-B) in the usual 
fashion, though moderate rotation can be noted. The spine was then 
derotated b.y bringing the right shoulder forward, and, as can be seen, 
complete derotation was obtained (Fig. 18-C). 

Fusion was performed bj’’ a modified MacKenzie Forbes technique. 
Additional bone is usually used and ma,y be taken from the tibia or ilium. 
In the mid-thoracic region a little more extensive dissection has been done, 
using the transverse processes and rib shavings as additional bone. 

It has not been possible to derotate completely all the spine, so that 
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sonu' of tlu' oldc'r, stiffc’r, more* doformod j^ationts may retain a fairly 
marked razor baek afl('r all j)os.sil)Ie eorreetion. With tliis type of de- 
formity some of the deformed ribs Iiave oeeasionally been removed at the 
time of fusion and used as bone p;raft'^. This method was described in 
1927 by ArmitaRe Whitman. 

Pain resulted from 
imj)inf!:ement of the 
scajnda on the de- 
formed ribs in some 
of the older ea.ses 
in whom fusion was 
not neee.'^sary. d'liese 
eases were freciuently 
benefited by rib re- 
.section. The vital 
capacity was not af- 
fected because apiJar- 
cntly the lung on that 
.side had been i)revi- 
ou.sly so compressed 
a.s to be of little func- 
tional value. 

Because of the 
defoj'ming effect of 
some of the active 
muscles in patients 
with a.symmetrical 
scolio.sis, the question 
has been raised as to 
whether or not some 
type of muscle opera- 
tion would not offer 
an opportunity of les- 
sening this vicious 
force. Using the foot 
as an e.xample, it is known that, despite adequate and solid fusion, de- 
formity will often recur in the growing child from the persistent unequal 
muscle pull. For this reason, the question is raised as to whether, in the 
3 mung and adolescent children who will require fusion, it would not be 
wise intentionallj'’ to attempt some type of muscle sacrifice to balance the 
muscle pull. 

Some mention ma.^" not be amiss regarding the anaesthesia emplo.ved 
with these patients who are so often poor surgical risks. The usual 
anaesthetic used is gas and oxj^gen or c,yclopropane, but in a few patients 
presenting marked reduction of vital capacity a regional block, using one- 
half-per-cent. novocain, has been done. The authors have been much 



Fig. 18-C 

Derotation obtained as noted in the text. 
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pleased with the uneventful, easj^ convalescence following this anaesthetic. 
Coincident with the anaesthesia consideration, an adequate fluid balance 
is most necessaiy. This has been achieved bj^ the preoperative, operative, 
and postoperative administration of saline, glucose, or whole blood. 
By careful attention to the patient’s general condition, the risk of opera- 
tion upon the badly deformed and paralyzed patient has been reduced to a 
minimum. In fifty-eight fusions done within the last two years by the 
authors there has been no mortality. 


SUMMARY 


Poliomj'^elitic involvement of the trunk muscles is a serious condition, 
and the patient may be completely incapacitated by the jusulting severe 
deformities. 

A scoliosis has developed in 150, or 30 per cent, of 500 chronic 
poliom.yelitis patients consecutively examined. 

The most important factors for the development of the curves have 
been a lack of caily absolute recumbency, the presence of a marked 
asymmetrical muscle paralysis, and a lack of adequate supportive treat- 
ment from a conservative and operative standpoint. 

Twenty-one additional patients were found with sj'^mraetrical trunk 
paralysis, in whom scoliosis has not developed. It is the authors’ conten- 
tion that a progvossivo scoliosis will usually not develop in cases vntli 
balanced trunk paralysis. 

Seventeen patients, or 3.4 per cent, of the total cases, had a complete 
recovery from their known paralysis. 

Various types of operative and non-operative treatment, with ceilam 
modifications, have been found useful in the fusion operation for paial 3 'tic 
scoliosis. 
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SPONTANEOUS FRACTURE OF THE FEMORAL NECK 
FOLLOWING IRRADIATION 


Report of a Case 

BY LENOX D. BAKER, M.D., DURHAM, NORTH CAROLINA 

From the Orthopaedic Division of the Department of S^trgenJ, Duke University School of 

Medicine, Durhain 


In the use of higher voltage irradiation for the treatment of malig- 
nancies, it has been possible to increase the roentgen-ray dosage to the 
deeper tissues. This more efficient therapy has resulted in an increased 
danger of damage to the adjacent normal tissues, among which is the 
skeletal system. 

In 1926 Ewing, in a report on tissue reaction to radiation, described 
what he termed “radiation osteitis”. The following year Baensch of 
Leipzig reported the first case of spontaneous fracture of the femoral neck 
following roentgen therapy for carcinoma of the cervix. The Araeiican 
literature contained no reference to this subject until 1936, when Dalby, 

Jacox, and Miller brought to light fourteen instances of spontaneous fiac- 
ture of the femoral neck following irradiation for cancer of the female gener- 
ative tract. Their study was continued by Peck® who added fouiteen 
original cases in a report of twenty-eight spontaneous fractuies o le 
neck of the femur, seen in a group of 1,026 patients treated with iimc la ion 
to the pelvis for malignancies in the pelvis. Like Baensch s ongina ms , 
five of the twenty-eight patients had bilateral fractuies. Recen > 
and Hampton have reported such a fracture in a sixty-yeai-o b i ’ 
who had received radiation following amputation of the penis 
carcinoma. 


PATHOLOGY 

Pathological studies have been carried out in six frLture 

ggg 2 , 4, 6, 8 jn each instance the findings in the legion , .^gjg gf 

,ve been essentially the same,— namely, with an 

e blood vessels, (b) narrowing and irrcgu an y debris (c) 

crease in the f’atty marrow intermingled with bone 

rption of bone and widening of the man on fracture. 

rLtion, and (e) no evidence of metastasis at the site of tJie^^ 

Icrainetz and Biller demonstrated loentgenogiap ^ a patient 

.sorption in the upper portion of the head ^ of the 

lio had received roentgen therapy oi a j „ therapy a^d 

.ary. The change appeared th.rteen of the femur 

even months preceding a spontaneous fracti e f tl 
ccording to Peck > the initial changes usually de, elop 
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portion of tho femoral head close to the neek. This observation has been 
eonfirnied in (he reported ease. 

SIGNS AND SYMPTOMS 

Phili]))) saw five patients in whom fractures of tho femoral neck 
occurred followiiiR roentgen therapy. In none of his cases was there a his- 
tory of injury. Of the fourteen patients reported by Dalby, Jacox, and 
Miller, there was no instance of a hi.story of trauma. In eveiy case pain 
antedated the diagnosis of fracture. The pain was generally located in 
the hip and radiated into (he anterior thigh and knee. An average of 
seven months elapsed from the on.set of hip .symptoms until the fracture 
was demonstrated. 


TREATMENT 

Too few cases have been .seen for a standard of treatment to be estab- 
lished. It has been pointed out that the production of callus is unlikelj'-, 
but occasionally fibi-ous union develops sufficientlj'^ to permit a partial 
return of function. The fact that in a number of the reported cases the 
head has maintained its apparent normal calcium content indicates that 
the use of internal fixation might give a fair percentage of good end re- 
sults. Badgley, after observing a patient for a j'ear or more, performed 
Colonna’s reconstruction operation. Too short a time had elapsed for a 
result to bo given. In the case here reported, “blind nailing”, before the 
fracture was completed, was suggested but not urged. 

CASE REPORT 

V. S. (A 1G731). On Marcli 14, 1939, a fifty-nine-yeai-old female was seen with a 
complaint of vaginal bleeding of five months’ duration. Biopsy of the cervix showed a 
squamous-cell carcinoma. Roentgen therapy was given daily for a period of three weeks, 
3,000 roentgen units were given over four pelvic fields, two anterior and two posterior, 
each 10 b 3 ' 15 centimeters. IMo irradiation was given over lateral or side portals. The 
following formula was used: 400 kilovolts, 5 milliamperes, 70 centimeters anode skin 
distance, 4 millimeter copper filter. She tolerated the roentgen therapy well, and on 
May 18, 1939, was given 4,500 milligram hours of intra-uterine and intracervical radium, 
and 2,500 milligi-am hours of vaginal application. 

In November, 1939, she had some transitory pain and stiffness in the right hip. 

In March, 1940, she again developed pain in the right hip. On examination there 
was some tenderness about the hip joint. Motion was limited and accompanied bj' 
muscle spasm. There was no shortening and the bony landmarks were in normal 
relationship. An anteroposterior roentgenogram showed an incomplete fracture through 
the upper cortex of the subcapital region of the right femur (Pig. 1). A lateral roent- 
genogram did not demonstrate the defect. It was thought that the patient had an 
osteonecrosis of the neck of the femur, or possibb"^ miliarj’’ metastases without typical 
roentgenographic changes. She decided against immediate “blind nailing” or other 
therapy, so was instructed to remain in bed for a period of two weeks and to report 
back to the clinic for roentgenographic examination at the end of four weeks. After a 
social-service follow-up she returned on Maj^ 20, 1940, fourteen months following the 
roentgen therapj^ and six months following her first sj'^mptoms of pain in the right hip. 

Examination showed typical findings suggestive of a fracture of the right femoral 
neck. Roentgenograms showed a complete fracture through the subcapital region with 
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Fig. 3 

Eoentgenogram taken February 12, 1941. There is further rarefaction of the 
head and some sclerosis along the fracture site, but no signs of metastasis. 


some absorption of the neck and upward displacement. There was rarefaction of the 
bone but no definite signs of metastases (Fig. 2). 

She was having very little pain, was getting about with one crutch, so decided against 
any form of therapy with the understanding that one of the reconstruction procedures 
could be carried out later if necessary and advisable. 

The patient has not returned for further examination. On February 12, 1941, 
through the cooperation of a roentgenologist in the patient’s home city, further roent- 
genograms were made. There was further rarefaction of the head and some sclerosis 
along the fracture site, but no signs of metastasis (Fig. 3). 
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CONCLUSION 

1. With the advent of higher voltage irradiation there is an increased 
danger of damage to the deeper tissues in the irritated area. 

2. Bone, as well as the soft parts, is subject to injury by the 
roentgen ray. 

3. If radiation osteonecro.sis involves the femoral neck, spontaneous 
fracture may possibly occur. 

4. When there is pain about the hip joint following irradiation for 
gyneeological cancer, skeletal metastascs should not be assumed without 
definite roentgen ogra phi c evidence. 

5. In no way is the deep roentgen-ray therapy condemned, nor is its 
efficacy in pelvic malignancies questioned. We should continue its use 
and at the same time be alert to its unaimidable complications. 

Appreciation is expressed to the Roentgenographic Department for assistance in 
preparing tliis I'eport. 


REFERENCES 

1. Badglet, C. E.; Quoted by Dalby, R. G.; Jucox, H. W.; and Miller, N. F.^ 

2. Baen.sch, W. ; Knochenschiidigung nach Rontgenbestrahlung. Fortschr. a. d. 
Geb. d. Rontgenstrahlen, XXXVI, 1245, 1927. 

3. B.^n’, R. C., AND Hampton, A. 0.; Spontaneous Subcapital Hip Fractures Occurring 
in Tabes Dorsalis. J. Bone and Joint Surg., XXII, 137, Jan. 1940. 

4. Dalby, R. G.; Jacox, H. W.; and Miller, K. F.: Fracture of the Femoral Neck 
following Irradiation, Am. J. Obstet. and Gynec., XXXIl, 50, 1936. ^ 

5. Ewing, James: Tissue Reactions to Radiation. Am. J. Roentgenol., XV, 93, 192 . 

6. Okrainetz, C. L., and Biller, S. B. : Fracture of the Neck of the Femur Complicat- 
ing Roentgen Therapy of Ovarian Cancer. Am. J. Roentgenol., XLII, 883, 1939. 

7. Peck, W. S. : Quoted by Batt, R. C., and Hampton, A. O.R from a}>srsonal communica- 
tion. . . . 

8. Peck, W. S.; Fractures of the Femoral Neck following Pelvic Irradiation. Univ. 

Hosp. Bull., Ann Arbor, V, 33, 1939. n - n- 

9. PhilipPj Ernst: Knochenerkrankungen bei wegen Utei’uskarzinoms nn ® 

strahlen bestrahlten Frauen. Strahlentherapie, XLIV, 363, 1932. 


the journal of 


bone and joint SURGEBY 



AN UNUSUAL (’ASK OF ACTINOIMYCOSIS 
nv H. K. .mosi:li:y, d.m., m.cii. (oxon), f.r.c.s. (eng.), 

.■\tONTRE.VL, OGEBEC 

From Ihc Drpnrliiirnl of Siirgrr;/, Foi/nl Victoria Hospital, Montreal 

coninniiiicalion is pmspiitocl to add to the published results of 
actinoniyeotic lesious .suhiuitted to sui’gieal treatment. It is hoped that 
this record may as.sist others in (he decisions to be made in the manage- 
ment of such cases. 


CASE HISTORY 

On May 31, 1039, a male jiatient, aged seventeen, complained of a dull pain and 
swelling in hi.s right uiiper back. 

About two month.s before, be bad noticed some swelling about the third molar tooth 
of the right lower jaw a,«“ociated with considerable pain. According to the dental exami- 
nation on March 29, 1939, inflammation was limited to the periodontal membrane and 
the tissue.s immediately surrounding the affected tooth. Roentgenograms taken at that 
time .showed a vertically impacted mandibular third molar on the right side. The oc- 
clusal surface was free of osseous structure and the impaction was due to lack of space. 
After preliminary hot saline irrigations, the tooth was extracted under local anaesthesia 
on March 30, 1939. Several sutures were used to close the wound. The patient was 
kept in bed a few daj's with routine irrigation of the socket. Healing was uneventful 
and he was dismi-ssed Api'il 11, 1939. 

A short time later, while taking a bath, he noted an unevenness in his back when he 
leaned against the tub, and was able to palpate a swelling in the vieinit 5 ' of his right upper 
back between the scapulae. It was at first small, but later increased in size and became 
tender. This was relieved by hot bathing. At about the time he first noticed the swell- 
ing he fell on his right side doing gj'mnastics at school and thought he had injured his 
back. He did not tell his parents about the swelling until a few days previous to seeing 
the author when, after plaj'ing several games of tennis, he noticed that his right arm 
became verj^ Aveak and he could not continue the game. A relevant point regarding 
personal habits was that the patient chewed grass and leaves frequentljn 

A phj'sical examination on May 31, 1939, showed a spare jmung man of asthenic 
habitus with a temperature of 98.8, pulse 72, and respiration 18. There was a tender 
diffuse swelling deep in the muscles between the vertebral spinous processes and the 
vertebral border of the right scapula, Avhich extended from the levels of the third to the 
sixth thoracic vertebral’ spines. The skin was not attached and fluctuation was present. 
The scapula moved over the swelling on bracing back the shoulder. There was slight 
local elevation of temperature, but no redness of the skin. No other abnormalities Avere 
found. The gum of the previously involved molar AA-as noi-mal. 

A provisional diagnosis of cold abscess AA'as made and the patient AA-as immediate^- 
admitted to the Hospital Avhere the author inserted a AA'ide-bore needle and aspirated ap- 
proximateb' ten cubic centimeters of thick pus. On the folloAA-ing morning a bacteriolog- 
ical report of the smear gave the diagnosis of actinom3'cosis. 

Roentgenographic e-xamination shoAA-ed; 

1. The bone in the region of the posterior portion of the right mandible AA'as normal. 

2. There Avas no evidence of anj' disease inxmlving the spine. The lungs AA'ere 
clear, Avith the haziness over the right upper chest probablj- due to the soft-tissue sAvelling 
in the upper posterior portion of the right thorax. There AA-as a questionable area of 
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beginning bone destruction involving the sixth posterior rib in the region of the scapular 
line. 

The report from the blood examination was: 

Red blood cells — 1,520,000 
Hemoglobin — 90 per cent. 

Color index — 1.01 
White Ijlood cells — 8,500 


In view of the fact that this case was diagnosed and prepared for 
operation without the presence of secondary infection or of sinus forma- 
tion, a discussion took place regarding the best procedure. All agreed to 
the principle that treatment should be a resection of the whole area in- 
volved, if that were possible. It was also agreed that the infection had 
entered by the third molar tooth on the right lower jaw and that a track 
must run from that area to the area of the abscess. A conflicting point 
was the roentgenographic report that the sixth rib was eroded. If this 
were so, it would seem impossible to do a resection of the area without 
either removing a rib or opening the base of the abscess. It was decided 
before operation that the abscess probably lay under the rhomboid group 
and the trapezius. The methods discussed by which the resection could 
be carried out were: 

1. The abscess could be aspii’ated as completely as possible and 
lipiodol injected in order to study the extent of the abscess, as it vas 
agreed that unless this were known, one could not be mre of v hat was 
being done at operation. This was ruled out as an impractica me o . 

2. The abscess could be opened at the beginning and its contents 
washed out, and then, after its extent had been studied, it cou 
resected. This would entail allowing the contents of the abscess o c 
taminate the wound. Some considered that this would not ma e a 


ence if it were later washed out. „nriplv 

3. Dr. Miller suggested that, if the abscess f ™ ’ 
there was a small chance that it might not be opene , 
whether or not it extended to the rib. The resu ts m a 
treated in the Hospital seemed to be against this met lo . ^ 

was decided to proceed on these lines, since, if t le a extent 

from the deep aspect, that opening could be used for expo g 


of the abscess cavity. 


FIEST OPEKATION ^ 

On June 6, 1939, an incision, about twelve the 

extending from the upper free border of the an elliptical area of 

scapula and the dorsal spines. This incision va ^ abscess. The skin 

skin, two inches wide at its greatest width, o e border of the 

was then dissected back on each side fw a ou u o me ggapula, and t le 

trapezius was defined and sectioned vertica y upu attachment to the scapula, 

rhomboids, major and minor, were severed from group of muscle, 

this way, dissection down to the deep fascia over j below laterally under 

was aeSmplished. The dissection then group of muscles 

serratus posterior superior and the aponeuros located directly upo 

This aponeurosis was taken with the abscess as the latter 

the journal of bone and jo . 



ACriNOMACO.SI.S 


361 



The dip'-cetion proceeded medially as far as the dorsal spines, which were cleared of the 
muscles and aponeurosis to the same depth. The whole mass was dissected upwards to 
the neck and into the lower part of the neck, under the levator scapulae muscle. At the 
deep part of the wound, a Rland was seen which was removed with the mass and from its 
upper border, a cord, about the .size of a piece of string and three inches in length, was 
removed. This was regarded as the track along which the infection had spread down- 
wards to the gland and from there to the fascial plane under the trapezius and levator 
scapulae. The absce.«s was not opened at all during the operation and it was believed 
that the whole of the infected area was removed en bloc. The wound was irrigated with 
hydrogen peroxide followed by saline, and a few catgut stitches were used to hold the 
loose parts of muscle in place. It was considered before the operation that the whole 
wound should be left open as an ulcer to be later grafted, but in view of the clean dissec- 
tion, the wound was sutured in its entirety with two small drains to evacuate any 
hemotoma. 

Pathological Report 

Macroscopic Examination. The specimen consisted of a piece of tissue measuring 
twenty by eight centimeters. One surface was covered with an elliptical piece of skin 
to which was attached subcutaneous tissue and muscle. On the deep surface there was 
a sinus tract eight inches long with a lymph gland the size of a marble at one extremity. 
Within the mass was a soft fluctuating area resembling an abscess. The specimen was 
fixed before opening. 

Microscopic Examination. A large number of sections were taken through the tissue 
so as to give a topographical picture of the lesion. They showed an e.xtensive inflam- 
matory process which expressed itself as foci of purulent exudate, marked proliferation of 
fixed tissues, and fibrosis. The fibrotic area formed a wall separating the more active 
areas from the invaded muscle beyond. In the purulent areas the ray fungus could be 
identified. 

The tract which appeared to extend up into the neck consisted of fibrous tissue, but 
no purulent area, and the gland which was sectioned separately showed catarrhal irrita- 
tive changes with many germinal centers, but no histological evidence ot the fungus. 

Diagnosis. Exudative, purulent, pi-oliferative, and productive inflammation of 
muscle due to actinom 3 mosis. 


SECOND OPERATION 

On the twelfth postoperative day, the temperature, which for the previous two days 
had been normal, rose to between 99 and 100 degiees. The upper area of the wound at 
the level of the scapular spine became reddened and foul pus was discharged from the 
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small first stitch hole. The contents of the abscess were aspirated and examined micro- 
scopicalty. Some green negative actinobacilli and some fibrils were found. It was, 
therefore, decided to saucerize the wound immediately. 

On June 20, 1939, the upper area of the wound was reopened to the extent of four 
inches, and an area of skin, two inches at its greatest width, removed. It was found 
that the abscess extended up to the area where the gland had been removed. This led 
to the belief that the infection had originated there. The u'ound was carefully cleansed, 
and packed with 20-per-cent, thymol in olive oil. The dressing was repeated daily. 


Pathological Report 

dlacroscopic Examination. Tlie specimen consisted of a piece of skin and subcutane- 
ous tissue eight by one by one centimeters in size. In the center of the skin there ap- 
peared to be a partially healed incision which was greenish in color and appeared to be 
covered by a purulent, dense, solid e.xudate. The subcutaneous tissue oozed greenish 
pus on pressure. There was considerable dense, white, fibrous tissue in the subcutaneous 

tissue and little fat. 

Microscopic Examination. The section showed a 
skin surface with a V-shaped ulcerated area which 
extended down to the subcutaneous tissue. The ulcer 
had a necrotic base and was lined by inflammatory 
granulation tissue, more fibrotic in the deeper portion. 
No actinomjmosis could be demonstrated histologically 
in this tissue. 

THIRD OPERATION 

Another abscess developed three inches below the 
first secondary abscess, so on June '’7, 1939, the whole 
of the original scar around the sinus was removed, 
leaving a wound twelve by four inches to heal by 
granulation. The wound was packed with 20 'per-cent. 
thymol in olive oil. 

Pathological Report 

Macroscopic Examination. The specimen con- 
sisted of a piece of skin and subcutaneous tissue 
measuring four by two by one centimeters. 

Microscopic Examination. Sections showed an 
overlying skin surface beneath which, in the subcutane- 
ous tissue, were numerous tracts filled with purulen 
exudate and proliferation of fixed tissues, and througfi 
which extended an inflammatory tract leading doun Q 
a large area of inflammatory granulation tissue in le 
subcutaneous regions. No actinomycosis cou 
identified in this histologically. 



Actinomyces grown in Rob- 
ertson’s meat. Note the ro- 
settes adherent to the wall of 
the test tube. 


Fig 2 ^ 

BACTERIOLOGICAL INVESTIGATION 

The material received at the laboratory 
of five cubic centimeters of thick, 
colored pus. Careful macroscopic e.xammation 

numerous small pale-yellow granules. On fresh microscopic of an 

saline, lactophenol, and lactophenol with Amann blue, tie ciarac er , rosettes 

actinomycotic infection could be seen. Each granule yas Smears 

consisting of a central mass of mycelium surrounded by c u s o i e ^ 

* The bacteriological investigation was made by L. P. Demers, M.D., and i 
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VIG. 3 



Fig. 4 


Actinomycc.^ O'' Actinomyces grown on blood agar. Colony of 

blood agar. Colony of Tvpo 2 (X 10). 

Type 1 (X 10). 


of the pus .stained by 
Grain’s method .showed 
large numbers of pu« coIl.«; 
large number.s of irregu- 
larly stained, twisted, 

S-shaped or .spiral gram- 
positive filaments which 
varied in length and 
width; long, slender, 
gram-negative filaments; 
and small gram-negative 
coccobacilli. The aerobic 
culture yielded no growth. 

The anaerobic culture af- 
ter two weeks’ incubation 
in a Fildes-Mcintosh jar yielded: 

I. Two types of actinomyces of the Wolff-Israel type. 

II. One type of anaerobic g-am-negative filament. 

III. One type of anaerobic gram-negative coccobacillus. 

IV. One type of anaerobic gram-positive coccus. 


Fig. 5 

Actinomyces grown on plain agar after two weeks of 
incubation. Colony of Type 2 (X 10). 



All these were obligate anaerobes. 

I. Actinomyces of the Wolff-Israel Type 

On blood agar these actinomyces developed two types of colonies: 

Type 1 was rather soft, and not adherent to the substratum. The colony of this 
type had the form of a rosette with the central part raised and moruloid. The peripheral 
part was divided into lobes by several grooves radiating from the center to the periphery 
like the spokes of a wheel. 

Type 2 was very hard to crush, very adherent to the substratum, and partly em- 
bedded in the medium. The colony of Tj^e 2 also had the form of a rosette, but was 
without anj" definite pattern (mammillated). 

These actinomj'ces grew well in liquid media, with the e.xception of tiyptone water. 
The liquid remained clear, and rosettes formed and collected at the bottom of the test 
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tube or adhered to the wall. These actinomyces also grew well on ordinary solid media 
such as plain agar, blood agar, Sabouraud’s agar, glucose tartaric acid, com syrup, plain 
potato and glycerine potato; but they failed to grow on Chandelier’s or McConkey's agar. 
They did not form spores or aerial hyphae, did not produce true pigment although they 
developed a pale yellow color, or liquefy gelatin in which they grew fairly well, or produce 
any hydrogen sulphide (Hj S). They acidified milk without the formation of a clot, and 
fermented the following Hiss sera sugars (with acid reaction and clotting of serum): 
lactose, salicin, dextrose, maltose, raffinose, levulose, and starch, but did not ferment 
mannite, glycerine, inulin, sorbite, or galactose. Gram's smears from the cultures 
showed that the mycelia lose their morphology and resemble diphtheroids. Granules 
treated by absolute alcohol for a few minutes, or by potassium hydroxide (KOH) failed 
to grow on Sabouraud's agar or in Robertson’s meat. 

II. Gram-N egalive Filaments 

On blood plates these organisms formed at first small rosettes resembling a minute 
daisy, but, as they continued to grow, formed a large pin-head colony with effuse arbo- 
rescent edges, which grew in the depth of the medium. The Gram’s smear showed long 
slender gram-negative filaments, which grew well in the usual liquid media with the 
exception of tryptone water. In pneumobroth there was formation of paillettes which 
adhered to the walls of the test tube or collected at the bottom. They also grew on ordi- 
nary solid media, such as blood agar, or plain agar. They did not show any visible 
growth on corn syrup, glucose tartaric acid, Sabouraud’s agar, plain or glycerine potato, 
or Chandelier’s or McConkey’s agar. They grew in gelatin without liquefaction. Their 
reaction in lead acetate was negative; in litmus milk, neutral. There was no reaction in 
Hiss sera. 

///. Gram-Negative Coccobacilhis 

This gram-negative coccobacillus grew on blood agar as a small pin-head, slightly 
raised, semiopaque colony. It grew poorly in usual liquid media, and failed to grow in 
tryptone water. It also grew poorly on blood agar, and plain agar, and failed to grow on 
Chandelier’s or McConkey's agar, glucose tartaric acid, or corn syrup. Its reaction in 
litmus milk was slightly acid, but it formed no clot. It grew in gelatin without liquefac- 
tion. Its reaction in lead acetate was strongly positive. There was no reaction in Hiss 
sera . 

IV. Gram-Positive Coccus 

This gram-positive coccus grew on blood agar as a small, conical, semiopaque colony 
with faint beta hemolysis. It grew well in ordinary liquid media, such as glucose brot i 
and peptone broth, but failed to grow in tryptone water. It grew on ®°‘_ 

media, such as blood agar and plain agar, but failed to grow on Chandelier s or c on 
key’s agar. It fermented- the following Hi.ss serum sugars : lactose, dextrose, ’ 

maltose, axrd starch, but did not ferment mannite, salicin, raffinose, inu m, .jj_’ 

glycerine, galactose, or sorbite. Its reaction in lead acetate was negative, in i mus 

acid, but without clot. It grew in gelatin without liquefaction. 


FURTHER TREATMENT 

General Treatment. This was carried out as for tuberculosis with stim 
and general exposure of the body to sunlight and fresh air. increased to 

Svecific Treatment. Iodides were begun on June 7, 193J, and g . o 1939 . 

a maximum of 300 minims of LugoTs iodine a day, Jojides caused con- 

They were gradually diminished until cessation July 14, 19 • ^ 

siderable digestive disturbance. A course of vaccine theiapj < - ^.ggks. 

Starkey beginning July 15, 1939, and continuing with 

Local Trcaiment. After the third operation the wound was dressed vita 


the joubnal of bone axd joixt sonoER 



ACTINOM'iC'OSl.S 


365 


tliyinol ill olive oil, and expo'-ed to direct MinliKlit for inerea.sing periods. Later these 
dressings were alternated witli aliiliainel. On duly 10, 1939, the patient was discharged 
to the country where the treatment was continued. I'or three weeks he was at the sea- 
.side where the wound was exiiosod both to sunlight and sea water. His general and local 
condition improved rajiidly and on October 10, 1939, the wound was completely healed. 

At that time graduated e.xerci.ses of the muscles of the shoulder region were begun 
and re.sistancc exercises were also given to increase their tone. 

On May lo, 1910, the wound was sound. The patient was playing tennis, and had 
skied and played hockey during the latter winter months. Full movements were pos- 
sible in his shoulder with little winging of the scapula or depression of the prominence of 
the shoulder. (See I'igures G-A and G-B.) 

Since then he has been readmitted for excision of the scar. The area was covered 
by Thiersch and pinch grafts, and on September 14, 1940, was completely healed. There 
has been no recurrence. 

DISCUS.SION 

After the first operation the question aro.se as to whether the best 
metliod was used and wlietlier it would he possible on another occasion to 
carrj’- it out in a more advantageous manner. As a result of the operation, 
the whole of the trapezius muscle attached to the scapula (but not the 
clavicular head) with the rhomboids, major and minor, were removed. 
The serratus anterior was left as was the levator scapulae and it was a 
question as to what stabilit}’- the scapula would have in the movements of 
the shoulder. Theoretically speaking, the whole of the trapezius could 
have been divided and resutured back in place, had the extent of the 
abscess been known. This would have given better functioning of the 
scapula. 

Further, the primary suture of . ■ — 

the wound might be criticized in the 
light of the subsequent cour.se. . 

The author feels it achieved a most 1 



Fig. 6-A 0-li 

Photographs showing range of motion fourteen months after third operation. 
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important result, — that is, the complete sealing of the large space under the 
scapula and serratus anterior in continuity with the wound of the opera- 
tion when the trapezius and rhomboids were removed. 

This case is unusual in several ways. In the first place, the location 
of the abscess is uncommon. No case with the abscess in this location is 
mentioned in Cope’s monograph. Further, the history and dissection 
correlated and traced the entry of the organism very definitely to the 
third molar tooth. Again, it is unusual for the diagnosis to be established 
before secondary infection has been introduced. Finally, it is unusual in 
such a situation to be able to resect the whole, or practically the whole 
area involved. The author is also amazed to find the splendid functional 
result in the shoulder considering the extensive removal of muscles. It 
is hoped that this is a cure. Should a recurrence occur, it will be reported. 

The author wishes to acknowledge the valuable help given him in this case by 
C. J. Tidmarsh, M.D., and Gavin Miller, M.D. 
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OSI'J^OCI I ON n H 0 A I ATOSIS 

DY cLii'Koin) li:k wilmotii, m.d., F.A.r.s., Pittsburgh, pennsy'lvania 

Osfpoclioiidroin.'ilosis is n ivlalivoly iiiipoinmon pathoJogical con- 
dition in which niulliplo inlra-articular cartilaginous bodies form. These 
live in the joint cavity either as attaclicd or free bodies. The etiology of 
this condition continues to be in doubt, and the part which infection, 
trauma, cmlnyonic rests, and nooptnsik- changes plajmn their production 
is a matter of considerable difference of opinion. This report covers a 
fen- 3 'ear jieriod starting in 1930. During this period nine patients with 
osteochondromato.sis have been seen, .si.x with involvement of the knee 
joint, two of the elbow, and one of the hip. The patients were all males 
vaiying in age from lwent 5 ’'-si.\- to sixt 3 ’'-four years. 

C.\SE 1 . A male, .aged .sixtj'-four years, for eight j’ears had experienced pain in the 
left knee joint, and for six .years had been .aware of a hard nodular mass in the popliteal 
region. lie had quite a pronounced limp on walking. Examination showed a marked 
instability of the left ki\ec joint, a mass of hard irregular bodies which could be palpated 
in the popliteal area, and a quite marked atrophy of the muscles of the left thigh and calf. 
The roentgenogram showed the popliteal mass to be made up of multiple cartilaginous 
bodies (Fig. Through an anteromedial incision all loose bodies were removed 



Case 1. Roentgenogram shows osteochondromatosis of the knee joint in the non- 
active stage. The bodies are almost all in the posterior pouch, and many were 
found deeply buried in the soft tissues of the popliteal area. 
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(Fig. 1-B). No attempt was made to remove 
those bodies which had penetrated into the 
tissues outside the synovial membrane and 
which were well embedded there. The pa- 
tient was followed for a period of slightly over 
two years. When seen at the end of ten 
months, there was still marked instability 
of the left knee joint with associated muscle 
atrophy. The pain, however, had been 
largely removed by the operative procedure. 
When seen again slightly more than two years 
postoperatively, the clinical picture was un- 
changed. The roentgenogram failed to show 
the formation of any new loose bodies, and 
the ones which were embedded in the tissues 
of the popliteal area had not changed in size 
or position. 

Case 2. A male, aged forty-six years, 
came to the hospital because of pain in the 
Fig. 1-B years’ duration. Examination 

Case 1. Photograph of the loose ^ limitation of motion as corn- 

bodies removed from the knee joint. , mV 

pared to the right hip. There was very slight 

atrophy of the thigh muscles. The diagnosis was made by roentgenogram which 
showed the joint capsule filled with osteocartilaginous shadows (Fig. 2). Through a 
Smith-Petersen incision the hip joint was opened and the small loose bodies removed. 
The patient was seen onlj’' once, eight months after leaving the hospital. There was no 
pain and no limitation of motion nor any appreciable atrophy of the thigh muscles. The 
roentgenogram failed to show any recurrence of osteocartilaginous bodies. 

Case 3. The patient was 
a male, aged thirty-tw'o years, 
who for a year had noticed 
occasional twinges of pain in 
the right elbow. Physical ex- 
amination was essentially neg- 
ative for any objective pathol- 
ogy. The elbow joint showed 
no tenderness or swelling, 
nor was there any atrophy 
present. Motion was not 
limited. The roentgenogram 
showed osteocartilaginous bod- 
ies of small size in both t ic 
olecranon fossa and the ante- 
rior joint space. Bilatera in- 
cisions were made and a 
loose bodies found weie re- 
moved. All the sjmovial tis- 
sue which could 
was excised, especiallj * 
about the epicondyles at 

synovial-cartilaginous jniic 

tion. Recovery was unevent- 

ful and the patient when las 
seen was free from pam 



Case 2. 
tosis of the 


Fig. 2 

Roentgenogram shows osteochondroma- 
lup joint. 
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tlimipli tlio ixj.stoppmtivi' roc'iitKoiioKiiiin had shown a few minute bodies which had 
been missed at the time of operation. This p:itient could not be located for later follow-up 
records. 

Cask I. The patient was a male, a^ed thirty-six years, who complained of pain 
and slipht swellinK of the left elbow joint for a jjeriod of four years. The motion of the 
joint was beeominR le.«.s, .'ind he had been aware of a firm hard mass in the anterior aspect 
of the joint for a year, t'lion examination there was limited flexion, extension, and rota- 
tion of the left elbow joint, and moderate atrophy of the muscles of the left forearm. The 
RHisp of the left haml was decrea.sed. The roentgenogram showed multiple osteocarti- 
laginous bodies filling the anterior joint space and the olecranon fo.ssa (Figs. 3-A and 3-B). 
Through bilateral ineisions into the elbow joint the loose bodies (Fig. 3-C) were removed 
and a partial .synovectomy was done. That part of the synovial membrane which had 
attached cartilaginous bodies, or which showed definite changes, was removed. The 
patient was seen after eight months and again after three j'cars. There was very slight 
re.cidual lo.ss of rotation of the radius, and there was a loss of 10 degrees in extension. 
A few small bodies mi.'sed at the time of operation showed no apparent change in size or 
number in roentgenograms after three years. Subjectivelj’’ the results were quite 
satisfactory. 

Cask n. A farmer, aged fifty-two years, because of rheumatism in the right knee, had 
had a roentgenogram taken by his family doctor five years previously. It was found 
then that the krtee joint contained many osteocartilaginous bodies. Roentgenograms 
taken at the time he was first scon bj' the writer failed to show any apparent alteration in 
the number or size of the bodies when compar-ed with the r-oentgenogram taken five 
years before. The cartilaginous bodies wer-e lar-gelj’ in the posterior compartment, with 
a few scatter-e<l loo.se bodies in the suprapatellar space. Restated that his symptoms had 
remained unchanged, and that he was able to do his farm wor-k with only occasional 
discomfort. Because of the loose bodies in the anterior compartment, he was advised 
to have the krtee operated upon, but this he declined to do. While no further change in 
size or number of the loose bodies was expected, it was believed that damage to the joint 
surfaces would occur if the cartilaginous bodies were not removed. This patient, 
replying to a follow-up letter three years after the last examination, stated that he had 
not noticed any appreciable change in the knee since the previous examination. 

Case G. A salesman in a depar-tment store, aged fifty-eight, had experienced occa- 
sional periods of pain atrd swelling of the left knee over a period of eight 3 'ears. The 
swelling of the knee joint followed sudden severe attacks of pain in the joint, and gradually 
subsided with rest and heat. The interval between attacks had been variable, but they 
were becoming more fr’equent, with more discomfort present between the attacks 
of severe pain and swelling. Examination showed slight instabilitj'' of the knee joint. 
The patient walked with a limp and with the aid of a cane. There was moderate atrophy 
of the calf and thigh muscles. In the suprapatellar space a large loose body could be 
palpated. The roentgenogram showed multiple osteocartilaginous bodies. An antero- 
medial incision was made, and the loose bodies were removed. The synovial membrane 
adjacent to the artieular car-tilage of the femur was reddened and thickened, particularly 
over excrescences of soft cartilaginous material, and this was excised. This patient was 
seen at frequent intervals over the following four j'^ears. At the end of that time he still 
walked with a slight limp, and complained of some aching pain particularly in damp 
weather. His sj^mptoms were those usuall 3 ’^ complained of in connection with arthritic 
changes. A recent roentgenogram shows definite arthritic changes, but no recur'r’ence of 
osteocartilaginous bodies. 

Case 7. This patient was a male, aged twcnt 3 '-six, who for two 3 ’ears had experi- 
enced painful swellings of the right knee joint. The examination was essentiallv negative 
except for the palpation in the suprapatellar space, of a fi eeB' movable hard body. The 
roentgenogram showed multiple osteocartilaginous bodies which wer'c r’emoved through 
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Fig. 3- a Fig. 3-B 

Case 4. Lateral and anteroposterior roentgenograms showing osteochondroma- 
tosis of the left elbow joint. The bodies are largely in the anteiior compartment 
and in the olecranon fossa. 



Fig. 3-C 

Case 4. Photograph of the loose bodies removed from the elbow join . 
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nil nnli'ionii’dini iiiri'-ion into llio kni'c joint The •'miovihI nicmbiiinc at the synovia- 
rnitilnpinoii'' junction was icddi'iicd ninl tinckcncd, and u ns excised. Soft excrescences 
of cm tilnsinoiis nintminl wcic ii'inovcd uitli n cuuttc Tins patient has been seen at 
nitcivnis ovci the jin'-t tlin'c ycni'-. Pniii of mhiic nithiitic tj'pc has been expeiienced 
occn'-ioiinlly. Tlici-c ik no liniitntioii of motion and no dcnionstiable muscle atiophy. 
Hocntp'iiopinnis sliow no icctii icncc of Ioom* cm tilapinoiis bodies. The embedded bodies 
in the po])htcnl area, wliicli ^\cn' not icmoxcd at tlic time of opeiation, have lemaincd 
iincliaiiRcd m sire and location. 

C.xs): s. This jiaticnt vas foity-two xcais old He complained of iheumatic pains 
ill lioth knees of thn’i> years’ duiatioii. Ph\sic.d examination uas essentially negative. 
Roentgi'iiogiaiilnc examination of both knees slioucd multiple osteocaitilaginous bodies 
about the- su|)erior aspect of lioth iiatellae Vn aithiotomy of each knee was done. The 
cm tilagnious bodies were found attached to the synovial membiane boideimg the 
patellae. The liodit's, togcthei with the .sjnovial membiane, weic removed. This pa- 
tient was .seen .six and .seventeen months postopeiatively. On each occasion the loent- 
genogram .showed no new bodies foiming. Thcie was no objective evidence of pathology 
piesent. lie stated that he still had occasional mthntic pains m the knee joints. 

C.\si: 0. The patient was a man of foity-fix'o years. He complained of occasional 
pain and discomfort in the left knee joint, w Inch had licen picscnt at mtei vals for a period 
of five years, .‘slight swelling of the joint occasionally accompanied the attacks of pain 
Physical examination was essentially negatix'c Thcie was no muscle atrophy, limita- 
tion of motion, or sign of effusion. An anteiomedial incision was made into the joint 
cavity, and the loo'c bodies weic lemox'cd. An aiea five centimeters m length acioss the 
femur was apparently the soui cc of the loose bodies The synovial membrane in this aiea 
was bluish rod, and thcie was a piling up of soft caitilaginous material. A partial 
synovectomy was done. This iiaticnt could not be follow ed postoperatn^ely. 

The (lifRculUes of a .satisfactory follow-up sjxstem are apparent to all 
who attempt it. These j)atients were for the most part industrial workers 
who, because of the economic conditions of the last ten y’-ears, seldom re- 
mained long in one location. Even follow-up letters failed to reach them 
or were of little help. In changes as sloxvly" progressive as benign osteo- 
cartilaginous growths, it would be much more interesting and helpful if a 
careful check could be made over a period of at least ten j^ears. The long- 
est period of this seiies of cases was four y^ears. 

The few cases that have been studied have showm t^vo characteris- 
tics, — the distribution of the cartilaginous bodies in the joint cavity^ has 
been fairly^ constant, and localized symovial osteocartilaginous proliferation 
has been found at the synovial cartilaginous junction The knee joint 
may be taken as an example. Most loose bodies were found in the poste- 
rior pouch, a fexv in the suprapatellar pouch, and an occasional body^ in 
other recesses of the joint caxdty. Apparent^ most of the cartilaginous 
bodies gravitate into the more dependent portion of the joint xvhich is the 
posterioz- pouch. As the bodies incj’ease in size, they produce distention 
of the normal joint cavity which often progresses to sacculations or diver- 
ticuli from the main joint caxdfy. As Rixford' has stated, “ It is as though 
the cartilaginous masses backed out through areas of least resistance 
carrying the expanded symovial membrane before them”. 

The appearance of the synovial membrane differed widely. When 
the cartilaginous bodies xvere in the posterior pouch of the knee joint. 
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Fig 6 

Photomicrograph of an old non-active loose body m hich has ceased to grow . 
The superScial layei of fibrous perichondrium is thrown into folds and there is some 
exfoliation of the cells on the surface. The center of the body is made up of cartilage 
and bone As calcification of the cartilage cells occurs, they appear more round and 
stand out distinctly because of the calcium deposit aiound the cell In general it 
may be stated that the histological examination reveals a fibrous proliferated layer 
which passes over into hyaline cartilage, which in turn changes to calcified cartilage. 
Lamellae of bone wdiicli form aie fiee from haversian canals and bone marrow. 

the synovial membrane in the suprapatellar region showed little change 
or at most only a congestion and a slight thickening. Where the cartilagi- 
nous bodies were scattered throughout the joint cavity, the entire synovial 
membrane was thickened and irregular in contour. 

The relative absence of subjective s3TOptoms, compared to the 
mai’ked internal derangement of the joint, was striking. Tliere was sel- 
dom a demonstrable increase in joint fluid, and no local heat or redness 
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Fig. 3 

April 25, 1940 


per respiratory infection, and was treated by the family physician, who prescri e co 
liver oil, which was soon discontinued because the child vomited. One month previous 
to admission to the hospital the lower extremities had become more swollen, an ere 
was bilateral swelling and enlargement of the shoulders. These enlargements gra ua 
increased in size, and the child failed to gain weight. ^ 

Physical examination revealed a poorly developed and undernouris e , w n ’ 
male child, nine months of age. The skin was pallid, dry, and wrinkle . e an 
cervical and inguinal lymph glands were palpable. The 
one and one-half finger-breadths, and the posterior fontanel was close . e 
flattened in its anteroposterior diameter, and a marked rachitic thin 

heart and lungs were normal; the abdomen slightly distended, an e a\ re 

and underdeveloped, showed a rather marked to cr}'- 

little voluntary motion, and passive motion of the extremities cause m 
An abnormal enlargement of both deltoid regions was very The reflexes 

was larger than the left, and there was a fusiform sivelling of t e e ng 
were normal. 
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Tlif' Inlxiratory fiiuliiiRs 

wc'ie a*' follows: 

Ho(i l)Ioo(I cell' — 2,180,000 
Ht'iiionlohin — A grams 

NMiito blood falls — 21,o00 
Polyniorplionuf Icar 
iicutropliilc.s — 31 per 
cent. 

Small lymphocytes — 

08 per cent. 

Eosiiiopliiles — 1 per 
cent, 

Theic was a marked 
am'socytosis and ])oikiloey- 
tosis, and three normoblasts 
per 100 white blood cells wcic 
seen in the differential. 

Urinalii’.si.s was negative. 

A provisional diagnosis 
of advanced scur\w wa.s made. 

Roentgenograms of the 
entire body were taken on ad- 
mission to the hospital. These 
showed wide separation of the 
upper humeral epiphj’scs and 
calcified subperiosteal hem- 
orrhage about the humeri, 
femora, tibiae, and fibulae. 

There was an old healed frac- 
ture of the right clavicle. The 
epiphj'seal lines of the bones 
of the lou'er extremities weie 
widened and irregular, sho\nng 
a definite Trimmcrfcld. 

On admission to the hos- 
pital the patient was given 
small blood transfusions, and 
vitamin-C therapj^, — 250 mil- 
ligrams in twenty-four hours. 

On April 19, 1940, the 
blood picture was as follows: 

Red blood cells — 4,260,000 
Hemoglobin — 13 grams 

White blood cells — 5,800 
Polymorphonuclear 
neutrophiles — 72 per 
cent. 

Small lymphocytes — 27 per cent. 

Eosinophiles — 1 per cent. 

The epiphyseal separations of the humeri were tieated by manipulation under 
general anaesthesia, and the application of a double body spica with the arms in wide 
abduction. 

Anteroposterior x-rays made on April 25, 1940, with the child in the cast (Fig. 3) 
showed fairly satisfactory reduction of the epiphyses of the humeri. 

The child continued to improve, took food satisfactorily, and lost all tenderness on 
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Fig. 4 

May 23, 1940 
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of the joint tissues. The size and number of the loose bodies was the 
chief factor in giving objective evidence of joint pathology. Several 
patients with knee-joint involvement walked wnth a limp. Except for 
occasional sharp pains, the general subjective symptoms were those usu- 
ally complained of in arthritic joints. In four of the patients with knee- 
joint involvement, the cartilaginous bodies could be palpated either in the 
suprapatellar space or in the popliteal area. The diagnosis was confirmed 
in all cases by roentgenograms wEich gave a picture of multiple loose or 
attached osteocartilaginous bodies in the absence of, or with relatively 
little, other joint pathology. 

Surgical removal of the osteocartilaginous bodies was advised in all 
instances. The difficult}'- of removal of all the bodies in the knee and 
elbow regions is apparent from postoperative roentgenograms. No effort 
was made to remove the cartilaginous bodies w'hich had made their way 
through the S3movial membrane of the posterior pouch of the knee joint. 
It was believed that these encapsulated bodies would cause no symptoms, 
would not change in size or position, and that their removal would not be 
without danger to important structures which pass through that region. 
An effort w'as made to remove eveiy loose l^ody or those which might be- 
come loose. It was believed that this -was necessary if further joint dam- 
age was to be aimided. A partial synovectomy was done whenever the 
synovial membrane showed definite changes. Whether remo^’■al of the 
synovial membi'ane and the osteocartilaginous bodies will prevent a re- 
currence of the condition is unknown. In the few cases which were fol- 
lowed there was no recurrence of the for’mation of the osteocartilaginous 
bodies. 

1. Rixford, Emmet; Osteochondromatosis. Ann. Surg., XCII, 673, 1930. 
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COMPLirnC BILATIORAL I*TIPin'Sl<:AL SEPARATION OF THE 
UPPER HUMERAL EJTPIIYSES DUE TO SCURVY 


RiM'DitT or \ Casi: 

nYinciIAHDT. HUDSON, H.S.jM.D ,1' \ f s., DENMAN C. HUCHERSON, A.B., M.D., 
AND AEVIN n. f)RTNi;H, \.n , M D., LOUI.-jVILLE, KENTUCKY 


Cases of srurvy willi niinoi cpiplo seal changes and subperiosteal 
heinorrhagc' art' no( ran', l)u( the (itnipietc separation of both upper 
humeral epipliyst's is unusual 

Skeletal ehanges of this maaml ii-h' result only from scurvy of severe 
degree, and aftt'r many wt't'ks ol a\ ll■illlUl<lsIs 

In a reviev of the' litt'i'atuo 'Uiei the authors have not been 

able to fitul a similar t'a-^e, with surh . • • U'i\e osseous changes. 


( XS| III'" I 


tv. h. D., .n niiK'-moatlis- 
old, wliite female, was- ad- 
mitted to tlic Cliildren’.s I'ree 
Ho,«pitaI on April 12, 1910. 
According to the parents (lie 
child w.as very nervous and 
re.sentcd Imndling because of 
apparent generalized tender- 
ness. I'lie family history wjis 
assentially negative; the p.'i- 
tient was the youngest of ten { 
children, the other nine living 
and well. The child had not 
been able to sit alone. Her j 
diet since birth had consisted 
of one .small can of Pet milk ' 
daily, diluted with water jind 
Karo, and given in divided 
feedings. She hud had no 
orange juice, cod-liver oil, 
cereals, or vegetables in her 
diet. 

Three months prior to 
admLssion, the mother no- 
ticed that the right ankle wa.s 
swollen and tender. I’liis was 
followed by swelling and ten- 
derness of the right knee and 
later the left lower leg, and 
then generalized tenderness 
on handling the patient. 
Throe weeks after the onset 
the patient developed an uf>- 
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April 19t0 
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Fig. 2 

Apiil 15, 1940 



Fig. 3 

April 25, 1940 

per respiiatory infection, and was treated by the family physician, who prescribed cod 
liver oil, which was soon discontinued because the child vomited. One month previous 
to admission to the hospital the lowei extremities had become more swollen, an lere 
was bilateral swelling and enlargement of the shoulders. These enlargements gra ua 
inci eased in size, and the child failed to gain weight. j ,i fe- 

Physical examination revealed a poorly developed and undernourishe , m n f ' j. 
male child, nine months of age. The skin was pallid, dry, and wiinkled. le on e 
cervical and inguinal lymph glands were palpable. The J 

one and one-half finger-breadths, and the posterior fontanel was closed. e o • 
flattened in its anteroposterior diameter, and a marked rachitic rosary was presen . 
heart and lungs were normal; the abdomen slightly distended; and the ex 
and undei developed, showed a rather marked generalized . .q cU’- 

little voluntary motion, and passive motion of the extremities caused le 
An abnormal enlargement of both deltoid regions was very noticeable. g reflexes 

was larger than the left, and there was a fusiform swelling of the left thign. 

were normal. 
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'riip liilioratory findings 
wcir as follows: 

Ked blood cplK — 2,180,000 
Hemoglobin — o unims 
W’iiilo blood eells — 21,000 
Pol ymori^JionueJea r 
neiifropliile.s — 31 per 
cent. 

Sin a ] I ly m pli oe ( c.s — 

OS per cent. 

Eo.sinopliilc.s — 1 per 
cent. 

I'liero was a marked 
anisocytosis and poikiloey- 
to.sis, and three normoblasts 
per 100 white blood cells were 
seen in the difTerential. 

Urinaly.sfs was negative. 

A provisional diagnosis 
of advanced scurvy was made. 

Roentgenograms of the 
entire body were taken on ad- 
mission to the hospital. 1'hcsc 
showed wide separation of the 
upper humeral cpiplu’scs and 
calcified .subperiosteal hem- 
orrhage about the humeri, 
femora, tibiae, and fibulae. 

There was an old healed frac- 
ture of the right clavicle. The 
epiphyseal lines of the bones 
of the lower extremities were 
widened and irregular, showing 
a definite Tnmmcrfcld. 

On admission to the hos- 
pital the patient was given 
small blood transfusions, and 
vitamin-C therapy, — 250 mil- 
ligrams in twenty-four hours. 

On April 19, 1940, the 
blood picture was as follows: 

Red blood cells — 4,260,000 
Hemoglobin — 13 grams 

White blood cells — 5,800 
Polymorphonuclear 
neutrophiles — 72 per 
cent. 

Small lymphocytes — ^27 per cent. 

Eosinophiles — 1 per cent. 

The epiphyseal separations of the humeri were treated by manipulation under 
general anaesthesia, and the application of a double body spica with the arms in wide 
abduction. 

Anteroposterior x-rays made on April 25, 1940, with the child in the cast (Fig. 3) 
showed fairly satisfactoiy reduction of the epiphyses of the humeri. 

The child continued to improve, took food satisfactorily, and lost all tenderness on 



Fig. 4 

May 23, 1940 
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Fig. 5 

June 4, 1940 


handling. The cast was removed on June 4, 1940. Anteroposterior x-rays (Fig. 5) at 
this time sliowed the capital epiphyses to be in practically normal relationsliip with the 
shafts of the humeri. A marked persistent reaction and thickening about the bone 
ends were still present. 

On her discharge from the hospital the family physician was advised to continue 
vitamin-C therapy. 

On September 10, 1940, the physician reported verbally; “All the symptoms have 
disappeared, and the patient seems to be in excellent health.” 
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LATERAL DISLOCATION OF THE HEAD OF THE RADIUS 
WITH FRACTURE OF THE ULNA 

nv nOBEHT A. WISE, M.D., NEW YORK, N. Y. 

From Ihc Fracture Service of the Knickerbocker Hospital, New York 


Dislocation of llio licad of the radius, occurring as an associated 
lesion witli a fracture of the shaft of tlie ulna, is often overlooked. The 
frequent coexistence of the.se two le.sions, emphasized by Monteggia, 
makes it iinjjerative to examine carefully the relationship of the radius 
with the capitulum in all fractures of the shaft of the ulna. The radial 
dislocation is usualR’' anterior, but maj’’ be posterior or lateral; the ulnar 
fracture is commonly in the upper third, but may be in the mid or lower 
third of the .shaft, or through the olecranon. 

The following case report illustrates a lateral dislocation of the head 
of the radius associated with an incomplete fracture of the proximal end 
of the ulna. 


CASE REPORT 

M. K., a boy of seven, was admitted to Knickei'bocker Hospital on Novembei’ 6, 
, 19-10, complaining of a painful, swollen left elbow. He stated that, while sliding down 
an incline, he tripped and fell, striking his left elbow against a concrete step. 

E.vamination revealed a tender, markedly swollen left elbow. The forearm was 
pronated and held at a right angle with the arm. No active flexion, extension, or supina- 
tion at the elbow was possible. The head of the radius was abnormally prominent on 
the lateral aspect of the forearm and e.vquisitely tender. Tliere was no injury to the 
ulnar, median, or radial nerves. 

Roentgenograms (Figs. 1-A and 1-B) showed an incomplete fracture of the proximal 
end of the ulna with lateral angulation, and a complete lateral, and slight anterior 
dislocation of the head of the radius. 

After careful skin preparation, open reduction was performed on November 13, 
1940, through a posterolateral incision as described by Boyd. A blood-pressure cuff 
tourniquet was used, and Lane technique was observed throughout. The incision began 
above the lateral border of the olecranon and extended downward along the shaft of the 
ulna. The insertion of the anconeus and the origin of the supinator were reflected from 
the ulna subperiosteally, and the muscles retracted radially, exposing the upper third of 
the shaft of the ulna, and the head and neck of the radius. 

Pathology. The elbow joint contained 10 cubic centimeters of liquid blood and 
several blood clots. The head of the radius was dislocated laterally, slight^ forward, 
and was separated from the radial notch. There was a complete tear of the orbicular 
ligament at its insertion into the ulna, and the articular cartilage lining the radial notch 
was lacerated. The ulna was angulated radially and several incomplete longitudinal 
fracture lines were present (Fig. 2). 

Procedure. The angulation of the ulna was corrected by direct light blows through a 
blunt instrument placed at the apex of the angulation. The dislocation of the radius 
was reduced by traction and supination of the forearm, and the torn edges of the orbicular 
ligament were approximated with mattress sutures of silk. Fine interrupted silk sutures 
were used to close the capsule, the reflected muscles, fascia, and skin. The elbow was 
placed at a right angle in a posterior molded plaster splint. 
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Fig. 1-A 



Fig. 1-B 

Roentgenograms, before reduction, showing 
the lateral dislocation of the radial head with 
the incomplete fracture of the ulna. Note the 
slight anterior displacement of the radial head. 

After-Care. The wound healed per primam 
and the patient was discharged on the seventh 
postoperative day. The splint was removed 
twenty days after operation, the arm placed in a 
sling, and active motion at the elbow encouraged. 
All motions at the elbow joint returned rapidly. 


and nine weeks after injury there was normal range of flexion, extension, pronation, and 


supination (Figs 3-A and 3-B). 


This case illustrates an unusual Monteggia fracture, in which the 
fracture of the ulna is incomplete and the dislocation of the head of the 



Fig. 2 

Drawing made at operation. Note abnormal relationship of the radial 1 
with the capitulum and the tear of the orbicular ligament. 
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radius is lali'i'al. In vSjiood’s report of sixty-two eases of Monteggia 
fraeluro (ho disloeatioii of the radial head was anterior in 83.3 per eent. 




Roentgenograms after reduction. Note nor- 
mal relationship of the radial head. 


and lateral in only 6.7 per eent. 

Boyd’s ineision is ideal for the operative 
treatment of patients with this injury, for 
it makes possible the exposure of the upper 
fourth of the radius and the shaft of the 
ulna through one ineision, with complete protection for the deep branch 
of the radial nerve. 
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ROENTGENOGRAPHIC STUDY OF THE CARPAL CANAL 


BY VERNON L. HART, M.D., AND VALERIA GAYNOR, R.T., 
MINNEAPOLIS, MINNESOTA 

The palmar surface of the bones of the carpus is concave from side 
to side. This deep concavity is named the carpal groove and is formed 
by the shape and position of the bones at the sides of the carpus. Prom- 
inent bone structures on the ulnar border of the groove are the pisiform 
bone and the hook of the hamate or unciform bone. The radial side of 

the groove is formed by the 

tuberosity on the naAucular 
' . or scaphoid bone and the thick 

* * projecting crest or ridge on the 

greater multangular bone or 
trapezium. Arched over the 
hollow of the wrist or carpal 
^ ^ groove, and firmly attached to 

the bony bound.'iries, is the 
^ extremely strong transverse 

— == carpal or anterior annular lig- 

Fig. 1 ament. The ligament con- 

Vertical roentgenogram of the wrist demon- verts the groove into the 

strating (1) pisiform bone, (2) hook of the hamate , , , „„i / t?!,.. 

or unciform, (3) tubercle of the navicular or carpal canal or tunnel (rig. )• 

scaphoid, and (4) crest of the greater multangu- Through the carpal tunnel 

lar or trapezium. The crossed lines represent ,, xUq 

the transverse carpal ligament which converts pass the median neri e, 

the carpal groove into the carpal canal. flexor digitorum sublimis, flexor 

^ digitorum profundus, and 

flexor pollicis longus ten- 
dons. The borders of the 
^ f - • canal provide origin or 

insertion for seven of the 

for the tendon of the flexor 

j ^ The superficial 

I branches of the ulnar 

! I artery and nerve cross 

; the tip of the hook of the 

I' ‘I hamate, and the nerve can 

)' . . ^ -il be felt slipping over the 

Fig. 2 hook in the hypothenar 

Roentgenogram of the bony boundaries of the carpal eminence about tvG 
canal which demonstrates a developmental defect or ntimeters distal ancl 
separate hook of the hainate. 

TtnVE AND JOTXT SURFER 




Fig, 2 


Roentgenogram of the bony boundaries of the carpal eminence 
canal which demonstrates a developmental defect or ^j^^i^^eters 
separate hook of the hamate. 

„„„ the joobnae of boxe axd 
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radial lo (ho pisiform. TIio pisiform hone i.s easily palpated in the normal 
hand a( (he end of (he flexor ear[)i (dnaris tendon. The tubercle of the 
seaidioid can he found a( (he i)oin( w here ( he flexor carpi radialis tendon passes 
ou( of sip;h( at (he\vris(. Theerest of t he trapezium is immediately dtstal to 
(he .scaphoid (uberele in (he medial edpe of the ball of the thumb; the two 
are of(en fel( as one con- 
tinuous bony prominence. 

^'ery limi(ed infor- 
mation is available re- 
garding developmental 
anomalies (Fig. 2), injury 
(Fig. 3), or disease of the 
bony borders of (he earjial 
canal. AddKional knowl- 
edge would be gained if 
these anatomical struc- 
tures wei'o more frequoitly 
studied roentgenological^' 



Fig. 3 


by the technique demon- 
strated in Figure 4. 


Roentgenogram of carpal canal demonstrating a frac- 
ture or a developmental defect of theliookof the hamate. 



Fig. 4 

Photograph demonstrates the technique for obtaining a vertical roentgeno- 
gram of the bony boundaries of the carpal canal. The flexor surfaces of the 
patient’s forearms should rest comfortably upon the x-ray table and the cas- 
sette. The hand should not be in ulnar deviation in order to prevent super- 
imposition of the shadows of the pisiform bone and the hook of the hamate. 
The position of the x-ray tube will vary according to the individual patient. 
The central raj'^ should be parallel with and in front of the third metacarpal 
bone. The standard distance used is fhirt3' inches from focal point of .x-ra3' 
tube and cassette. X-ra3’s should be made of both right and left carpal canals. 
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AN OSTEOPERIOSTEAL CHISEL 

BY R. E. BURNS, M.D., MADISON, WISCONSIN 

There has been much discussion in medical annals as to what consti- 
tutes the periosteum. There is, however, little debate regarding the role 
of the osteoperiosteal graft in the situation in which it is indicated. The 
purpose of this article is to describe the difficulties ordinarilj'- encountered 
in the removal of the graft, with a suggestion for their solution. 

The medial aspect of the tibia is the customar}^ site for the removal 
of the graft. Here the periosteum is thick, and the cortex is thick and, 
too often, brittle. If a straight chisel is used in the removal of the graft, 
difficulty is often encountered. If the angle of inclination of the chisel is 
too small, the fibrous layer of the periosteum onb^ is scraped off and very 
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little of the element of osteo- 
genesis remains. If, on the 
other hand, the angle of in- 
elination is too great, large 
pieces of tlie cortex together 
with the periosteum an* re- 
moved. d'h(‘ graft as re- 
moved usually consists of an 
alternating .series of loosely 
connected fragments of jier- 
iosteum holding together a 
scries of cortical grafts. 

It was thought that, if a 
chisel could Ik' devised based 
on the principle of the plane 
gauge, it would ensure a 
graft of uniform thickness, which could be easily’' removed. The chisel 
is curved on the flat. Two guards prevent its penetration bejmnd three 
sixteenths of an inch. It can be driven abruptly into the bone until the 
guards are reached. Thei’cafter, due to the ciu've of the chisel, the hand 
of the operator in his removal of the gi'aft parallels the bone. As the graft 
is removed it immediately curls up. This curling indicates the continuity 
of its substance. It can be molded to fit the desired location by cross 
hatching. 

Figure 1 shows the chisel. Figure 2 shows the final step in the re- 
moval of the graft. Figure 3 shows a roentgenogram of the graft after 
removal. 
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TREATMENT OE FRACTURES OF THE NECK OF THE 
FEMUR BY INTERNAL FIXATION 


Report of the Fracture Committee of the American Academy 
OP Orthopaedic Surgeons * 

Introduction 

The first report of the Committee appointed to study treatment of fractures of the 
neck of the femur by internal fixation was rendered at the Annual Meeting of the Ameri- 
can Academy of Orthopaedic Surgeons at Memphis, Tennessee, January 1939. 

This was really not a committee report, as all the material had been collected and 
analyzed by Dr. H. Earle Conwell. Subsequent to the meeting, however, a committee was 
appointed, consisting of Dr. Willis C. Campbell, Dr. H. Earle Conw'ell, Dr. Lawson 
Thornton, Dr. Frank D. Dickson, and Dr. Herman C. Schumm. A most critical atti- 
tude was assumed by this committee. No case reports were accepted unless all data were 
complete. The result of this critical attitude was that the number of cases was reduced 
from 1485 to 241. A report based on this relatively small number of complete cases, 
with accurate information, is greatly to be preferred to a report based on a large number 
of cases with incomplete data. 

This report represents the second installment of the study of internal fixation and 
the treatment of acute central fractures of the neck of the femur. It is planned to have 
the committee continue this study so that in another two years a third report will be 
rendered, based on further study of this same group of cases. This future report should 
be most instructive, particularly ivith reference to aseptic necrosis and hypertrophic 
changes. 

The Academy is indeed grateful to the Chairman of the Committee and his coworkers 
for this outstanding, constructive piece of work. 

M. N. Smith-Petersen, M.D. 


Report 

In selecting the members of this Sub-Committee for the further study of internal 
fixation in the treatment of fresh fractures of the neck of the femur, care was taken to 
appoint men who were thoroughly familiar with the two methods of internal fixation 
in most common use, namely, the Smith-Petersen nail and multiple wires or pins. Fur- 
ther, in order that any personal element might be eliminated in the conclusions drann, 
no man was asked to serve who had originated a particular method of treatment. 

A preliminary report of 1485 cases compiled from tabulated data submitted by mem 
bers of the Academy was made by Dr, H. Earle Conwell, Secretar 3 '^ of the Fractuie om 
mittee, at the Academy Meeting in January 1939, and published in The Journal of on<; 
and Joint Surgery (XXI, 483, April 1939). Unfortunately, that report did not constitute 
a true analysis of the cases according to the rules established by the present Commi eC) 
since it was not based upon an actual study of the roentgenograms and othei a ■ 

submitted. • • i a • cnt- 

For this report, the Committee has accepted onty cases in which clinica an 
genographic data were available. Opinion regarding the final results was base 
upon roentgenographic evidence; no written statements as to the status of ^ 
considered. In addition to clinical data submitted on the tabulated forms ^ 
the Academj’’, roentgenograms were available in 923 cases. Although in a a^ 
portion of these the roentgenograms were inadequate for study of the fina resu , 

* Presented at the Annual Meeting of the American Academj' of Orthopa 
geons. New' Orleans, Louisiana, January 14, 1941. 
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inti'io.'-tiiiK ohsorvfitions wc'ie iiiiidc from the rpvimv of the entire group. The require- 
menfs for inclusion in (he final analy.'-i.s were as follow.s; 

1. I'lio fracture mu.st he a comiilete, froli fracture of the neck of the femur with 
dis])laeemen( of (he fragments. 

2. Conclusive evidence of such a fracture must he presented, preferably by roent- 
genograms made prior to reduction. Without preoperative roentgenograms, the Com- 
mittee was at times unable to distinguish a complete fracture of the femoral neck from an 
imiiacted fracture or a trochanteric fracture. 

3. Hoentgenograms mu.st be submitted of the fracture after reduction, showing the 
type and position of the internal fixation employed. 

d. Koentgenograms must bo .submitted of the fracture region one year or longer 
following reduction. Cases wherein final roentgenograms were made before the elapse 
of one year were eliminated, rcgardle.ss of the status of union. A number of fractures 
which appeared to have united solidly in le.ss than one year, and even after one year, have 
subsequently terminated in non-union. In order to eliminate error in so far as possible, 
one year was decided upon as a minimum follow-up period. 

Because of the lack of data submitted, the number of cases which fulfilled these 
strict requirements was comparatively small. It was believed, however, that a study of 
a small number of complete cases with definite end results would be more valuable than 
the study of a larger series based upon less accurate data. 


TABLE I 

TYri;.? OF Fixation E.mployed in 241 Complete Cases 



Type of Fixation 

Cases 

Per Cent. 

1. 

Smith-Petersen nails 

144 

59.8 

2. 

Wires 

83 

34.4 

3. 

Miscellaneous 

14 

5.8 

Total 

241 

100.0 


The data presented in Tables I to IV are based on the study of 241 cases wherein 
the criteria outlined above were fulfilled. The data contained in Tables V to VIII are 
based upon a study of the 923 cases. 

The Smith-Petersen nails included all modifications of the three-flanged nail which 
were submitted to the Committee. The wires included multiple pins or wires, such as 
Austin Moore pins, Knowles pins, Gaenslen spikes, Eorschner wires, etc.; the majority 
consisted of Austin Moore pins. It was felt that the series was too small to differentiate 
between the various types of pins and wires. The miscellaneous group included screws, 
bone grafts, and other materials. 

Solid bony union took place in 169, or 70.1 per cent., of the 241 accepted cases. 

As stated before, only fractures wherein union was solid, as demonstrated by roent- 
genograms taken one year or longer after fixation was inserted, were accepted. If, in the 


TABLE II 

Percentage of Bony Union Obtained with Each Ty'pe of Fixation 



Type of Fixation 

Cases 

Unions 

Per Cent. 

1. 


144 

105 

72.9 

2. 


83 

52 

62.7 

3. 


14 

12 

85.7 






241 

169 

70.1 
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TABLE III 


Incidence op Arthritic Changes Following Bony Union 


Grade of Change 

Smith-Petersen Nail 

Multiple Wires 

Cases 

Per Cent. 

Cases 

Per Cent. 

No change 

77 

73.4 

37 

71.2 

Grade I 

3 

2.9 

5 ' 

9.6 

Grade II 

5 

4.7 

1 

2 

3.8 

Grade III 

5 

4.7 

1 

1.9 

Grade IV 

15 

14.3 

7 

13.5 

Total 

! 105 

100.0 

52 

100.0 


opinion of the Committee, union was doubtful, the fracture was regarded as ununited. 
It is probable that some of those thus excluded will ultimately firmly unite. The 70.1 
per cent, of bony unions indicated in Table II stood the test of a hypercritical com- 
mittee and the handicaps associated with the development of a new method. It should 
be borne in mind that the proper insertion of fixation material for fractures of the neck 
of the femur requires skill and experience. This series included many of the earliest cases 
in which internal fixation was used; vdthout doubt, therefore, in the handi! of experienced 
surgeons, a higher percentage of bony unions may be expected in patients being treated 
at the present time. 

The arthritic changes observed in the head were graded as follows: Slight arthritic 
changes not present in the original roentgenograms, but apparent one year or longer 
following reduction were considered Grade I; moderately advanced arthritic changes 
without deformity of the head were classified as Grade II; arthritic changes associated 
with flattening and definite changes in the contour of the head were classified as Grade 
III; and extensive arthritic changes associated with disintegration of the head were 
considered Grade IV. 

The more severe arthritic changes. Grades III and IV, were observed eighteen 
months to two years folloiving internal fixation. Severe changes with disintegration of 
the head of the femur (Grade IV) were usually associated ivith aseptic necrosis of the fem- 
oral head, as indicated by an increase in density in the roentgenograms. In two casra 
there was a marked enlargement and irregularity of the femoral head and neck. This 
may have been the result of an unusual proliferative reaction of the bone to metal, or 
may have been some other type of pathological process. 


Reduction 


TABLE IV 

The Relation of Reduction to Union 


Good 

Fair. 

Poor. 

Total 


Total 


Cases 


173 

44 

24 


241 


Per Cent. 


71.8 

18.2 

10.0 


100.0 


Union 


Cases 


132 

26 

11 


169 


Per Cent. 


76.3 

59.1 

45.8 


70.1 


Non-Union 


Cases 

41 

IS 

13 


72 


Per Cent. 

23.7 

40.9 
54.2 

29.9 
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.VniitoniK 'll icpI'Kcmcnt of (lie fi iKinoms oi i slif;lit valgus position \\as legarded 
av a good ipduc lion, appo'-it ion of 75 i)ci (oiit oi inoiccf the fi.ictuied surface of the neck 
\m(1i the (oiic'-ponding fiacluied suifaie of the held, with only slight oi moderate lota- 
tion of llie lie id, wius eoii'-ideied a fan ledui tioii ajiiiosition of less than 75 percent of the 
two fi act uied '■ui face'', OI nvirkcd rot ilionofthc lu id, oi appieciable co\a vara, or a eom- 
lumlion of the'-e (onditions, was (on‘-idei(d i pooi leduction 

'I’lie foregoing '-lati'-ties aie h i^-ed upon the 2)1 complete cases An additional 
studv was made of the 082 c,ises m whidi lointginogi.iphic and clinical data were in- 
suflieicnl to pel mil then ineliision in the fin il .inihsis The following facts were ob- 
tained fiom a leview of the cniiie senes of 923 rises 

In the total of 023 eases, theie weie 107 deiths, oi a total moitahtj of 11 6 per cent 
In ninety eases, reduction and nailing were < lined out m conjunction with an aithiotomy 
Among these, there were nine dc'iths, a moitaliti of 10 0 pel cent The fixation was 
inserted without opening the hip joint in bOO cases in this gioup there were sixty-nme 
deaths, a nioit,iIitj of 1 1 5 pel cent In 107 cases the method of fixation was not stated, 
among these there were twenty-thiee deaths, a moitahty of 21 5 per cent The above 
data appear to indicate that an aithiotomj oi open reduction does not inciease the mor- 
tality This, however, is piobably not tiue The patients upon whom an arthrotomy 
was done were pnncipally private patients, wheieas a laige proportion of those whose 
fracture was fixed without arthiotornv were reported from city hospitals, and some of 
them fiom insane asylums The geneial medical condition of the latter types of patients 
IS poorci and the postoperative caie infenor to that of private patients 

Of the 923 cu=es, 12G were lejetted because the fiactuies weie trochanteric in type, 
or the condition was a slipped uppei feinoial epiphysis lather than a fracture, or because 
of meager roontgeiiographic data The follow ing statistics w ei e based upon the remain- 
ing 797 casas: 


TABLE V 

Tx PE or Fixation Emplox-ed 



Type of Fixation 

Cases 

Per Cent 

1 

Smith-Pctersen nails 


572 

71 8 

2 

Wires 


162 

20 3 

3 

Miscellaneous 


63 

7 9 

Total 


797 

100 0 



TABLE VI 





Failure to Maintain Reduction 





Cases 

Failures 

Pei Cent 

1 

Smith-Petersen nails 

572 

63 

11 0 

2 

Wires 

162 

34 

21 0 

3 

Miscellaneous 

63 

13 

20 6 


A study was made to deteimine the efficiency of the fixative agent in maintaining 
the reduction of the fracture, w hether or not the fixative agent broke, and the incidence of 
migration of the fixative agent either toward the acetabulum (intrusion), or toward the 
greater trochanter (extrusion) 

Of the t\^o cases m ^\hich the Smith-Petersen nail broke, reduction i\as maintained 
in one and lost in the other One or more wires were broken in twent 3 -eight of the 162 
cases in which they w^ere used Reduction was lost in twelve of these and was held in 
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TABLE VII 

Incidence of Breakage of Fixative Agent 




Cases 

Broken 

Per Cent. 

1. 

Smith-Petersen nails 

. 572 

2 

0.35 

2. 

Wires 

162 

28 

17.3 

3. 

Miscellaneous 

63 

2 

3.2 


TABLE VIII 





Migration op the Fixative Agent 





Cases 

Migration 

Per Gent. 

1. 

Smith-Petersen nails 

572 

75 

13.1 


(a) Intrusion — 29 (38.7 per cent.) 

(b) Extrusion — 46 (61.3 per cent.) 




2. 

Wires 

162 

45 

27.8 


(a) Intrusion — 29 (64.4 per cent.) 

(b) Extrusion — 16 (35 . 6 per cent.) 





the remaining sixteen. Reduction was lost in both cases of the miscellaneous group in 
which the fixative agent broke. 

Intrusion of either the Smith-Petersen nail or a wire to the point of contact with the 
acetabulum will result in erosion of cartilage and bone, thus leading to arthritic changes 
in the acetabulum. Marked erosion of bone was observed about wires which had 
migrated into the acetabulum. A single migrating wire tends to penetrate deeper into 
the acetabular floor than the larger Smith-Petersen nail. Extrusion of the Smith- 
Petersen nail sufficiently to lose its hold in the capital fragment will result in loss of re- 
duction. Extrusion of the vires may or may not result in loss of fixation, depending 
upon the extent of extrusion and the number of wires involved. The tendency 
gration of the vires ivas approximatelj'^ twice that of the Smith-Petersen nails. n 
incidence of extrusion of the Smith-Petersen nails was approximately tvice that of m 
trusion, whereas the incidence of intrusion of the vires was approximately twice that o 

extrusion. ,, 

It is the opinion of this Committee that, in the hands of experienced surgeons, tne 
end results obtained in fractures of the neck of the femur have been greatly improve } 
the use of internal fixation. When employed by the inexperienced or untiained, ^ ® 
come is often deplorable and the end results inferior to those seen following non-opera iv 
methods. 


Respectfully submitted, 

Willis C. Campbell, M.D., Chairman 
H. Earle Conwell, M.D., Secretary 
Lawson Thornton, M.D. 

Frank D. Dickson, M.D. 

Herman C. Schumm, M.D. 
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News Notes 


Tiu' I'ifty-l'iftli Annuiil Mc’ctiiiK of The American Orthopaedic Association 
will l)p held ill Toionlo, Oiiiario, .Itino 9, 10, 11, mul 12, at the Halt House and the 
Royal ork Hotel. Di. D, 1C. Roheif'-on, I’lC'-ident, is m chaige of the meeting, and 
careful jilaiis have been made foi the entei taiornent of the membeis and guests. 

.V clinical jirogiam will be piesenled on .Mondin and Tuesday morning by local 
surgeons. 

.Vt the se-.'-ion on Wednesday afteinoon theie will be a symposium on subjects 
related to the Wai. The scientific piogiain is not \et completed, but copies will be 
mailed to members in the neai futiiie. 


At the examination of the American Board of Orthopaedic Surgery held in 
Kcw Orleans on .lanuaiy II and 12, 1911, foitj-two candidates were examined and 
ceitificatcs wcic granted to twenty-eight. 

The examination fees have been adjusted so as to be in closer accoid with those 
of other specialty boards. A fee of S50 00 will accompan}' the application and cover 
the expenses of the first examination. Candidates who have to appear before the Board 
at second and third examinations will be chaigcd additional fees of S25 00 foi each 
examination following the fiist. This change took effect as of Januaiy 15, 1941, and 
IS not retroactive. 

The peisonnci of the Boaid at piesent is' 

Dr. Fremont A. Chandler, Chicago, Illinois, Piesident. 

Dr. .lohn C. Wilson, Los .Angeles, California, Vice-President. 

Dr. Guy A. Caldwell, New Oilcans, Louisiana, Secretary-Treasurer. 

Dr. George E. Bennett, Baltimoie, Maiylaiid 

Dr. Frank D. Dickson, Kansas City, Missouii. 

Dr. Melvin S. Hcndeison, Rochester, Minnesota. 

Di. Samuel Kleinbeig, New York, N. A'. 

Dr. J. S. Speed, Memphis, Tennessee. 

Dr. Philip D. Wilson, New A^ork, N. A"^. 


The American Physiotherapy Association w ill hold its Twentieth Annual Con- 
vention at Asilomai, California, July 13 to 18, 1941. 


Di. Ralph M. Carter announces the association with him of Dr. S. S. Houkom. 
Theii office is located at 607-610 Beilin Building, Green Bay, Wisconsin. 


Dr. Donald C. Dm man announces the association with him of Dr. Harold E. 
Mayne and the opening of a new office at 408 South Jefferson Avenue, Saginaw, 
Michigan. 


The American Academy of Physical Medicine will hold its Nineteenth Annual 
Meeting and Scientific Session on Apiil 28, 29, and 30, 1941, m New A^ork, with head- 
quaiteis at the Hotel Pennsylvania. 


The Seventieth Annual Meeting of the American Public Health Association 
will be held at Atlantic City, New Jersej^ October 14, 15, 16, and 17. Headquarters 
for the meeting will be the Convention Hall, and lesidence headquarters will be the 
Hotel Tia 3 'moie. 
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The International College of Surgeons, of which Dr. Fred H. Albee is Presi- 
dent, will hold its Fifth International Assembly in Mexico City, August 10 to 14, 1941, 
in response to the invitation of the Mexican Government. With the assembly will 
be scientific exhibits of the latest advances in sirrgery, and commercial demonstrations 
of the newest equipment. Information about the meeting may be obtained from Dr. 
Max Thorek, Executive Secretary, 850 West Irving Park Boulevard, Chicago. 

At the Annual Founder’s Day Dinner of the Kappa Sigma fraternity, in Washington, 
D. C., on December 10, Dr. Fred H. Albee, President of the International College of 
Surgeons, was presented vdth a bronze plaque. The presentation was made by Senator 
Warren R. Austin of Vermont. The award was made in recognition of Dr. Albee's 
services as Chairman of the New Jersey Rehabilitation Commission, which he helped 
establish, and for his outstanding achievement in orthopaedic surgery. 


The First Annual Medical Meeting of The National Foundation for Infantile 
Paralysis was held at the Waldorf-Astoria Hotel, New York, N. Y., on November 7 
and 8, 1940. Attending the meeting were the members of the medical advisory com- 
mittees, the grantees of the Foundation, and the Board of Trustees. Reports of the 
activities of committees and grantees for the preceding year were presented, and recom- 
mendations were made for grants for 1940-1941. 

The Foundation is concerned with promotion and furtherance of research on all 
phases of infantile paralysis. Studies are being carried on through grants from the 
Foundation on problems of epidemiology, virus research, relationship of nutrition to 
poliomyelitis, and the prevention and treatment of the disease. In addition, a program 
of professional and lay education has been promoted. 

The following chairmen of medical committees were appointed: 

Committee on Virus Research: Dr. Thomas M. Rivers, New York, N. Y. 

Committee on Research for the Prevention and Treatment of After-Effects: 
Dr. Philip Lewin, Chicago, Illinois. 

Committee on Nutritional Research: Dr. James S. McLester, Birmingham, 
Alabama. 

Committee on Epidemics and Public Health: Dr. Herman N. Bundesen, 
Chicago, Illinois. 

Committee on Education; Dr. Max M. Peet, Ann Arbor, Michigan. 

Committee on Medical Publications: Dr. Morris Fishbein, Chicago, Illinois. 


The Annual Meeting of the British Orthopaedic Association, original^ sched- 
uled for October 25 and 26, was held in Oxford on January 3, under the Presidency o 
Prof. T. P. McMurray. 

The program included the following papers; 

Late Results of Fractui’ed Necks of Femur — Mr. A. L. Eyre-Brooke and r. 
K. H. Pridie. 

Nerve Regeneration and Nerve Grafting — Mr. J. L. Y^oung. 

The Indications for Excision of the Patella — Mr. Norman Roberts. 

The Correction of Scoliosis — Mr. G. E. Thomas. t w S 

Ti’Catment of Fractures of the External Tuberosity of the Tibia J n 

The Result of Radical Treatment in Diseases and Injuries of the Carpal emi 
lunar — ^Mr. F. C. Dwyer. 

Treatment of Compound Fractures of the Leg — Mr. G. K. McKee. 

The Organization of Orthopaedics in the R.A.F. Mr. R. 

Prof. H. J. Seddon was elected Honorary Secretary, succeeding Mr. E. P. Bro 
The following were elected to Associate Membership; 

Mr. James Rowan Armstrong. 

Mr. Andrew L. Butler. 
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Mr. Inn Lnw.son Dick. 

Mr. Erwin I'Intow. 

Mr. ICdwnrd John Galinglier. 

Mr. Ronald Neville Houlding. 

Mr. G. A. Niclioll. 

Mr. Archibald Ronald. 

Mr. Nicholas Verc-Hodge. 

Dr. G. F. Pennell (Toronto, Ontario, Canada). 
The following Honorary Member was elected: 

Dr. Jose Trueta. 


THE AMERICAN ACADEMY OF ORTHOPAEDIC SURGEONS 

The Ninth Annual Convention of The American Academy of Orthopaedic Surgeons 
was held at the Hotel Roosevelt, New Orleans, Januaiy 12, 13, 14, 15, and 16, 1941, 
under the Presidency of Dr. Robert D. Schrock. The attendance was larger than at 
any previous meeting. 

On the morning of January 13, a clinical program was presented at Tulane Medical 
School, with an address of welcome by Dean Maxwell E. Lapham. The afternoon of 
this day was free for the delegates to visit the scientific exhibits, which throughout the 
meeting were an outstanding feature. 

The scientific program was presented at the sessions on Tuesday, Wednesday, and 
Thursday, and included the following papers: 


Tuesday, J^vnuary 14 


Morning Session 

Localized Fibrocystic Disease of Bone — Dr. Rufus H. Alldredge, New Orleans, 
Louisiana. 

Aseptic Necrosis and Bone Drilling — Dr. Ernst Bergmann and Dr. Arthur H. 
Krida, New York, N. Y. 

Operative Treatment of Legg-Perthes Disease — Dr. Paul B. Steele, Pittsburgh, 
Pennsylvania. 

Thrombophlebitis and Postphlebitic Oedema — Dr. Alton Ochsner, New Orleans, 
Louisiana. 

Congenital Pseudarthrosis — Dr. Harold B. Boyd, Memphis, Tennessee. 

Shelf Operation at the Hip: New Method — Dr. Edwin W. Ryerson, Chicago, Illinois. 
An Evaluation of Physiotherapy in Early Treatment of Anterior Poliomyelitis — 
Dr. H. R. McCarroll and Dr. C. H. Crego, Jr., St. Louis, Missouri. 


Afternoon Session 

Bone Tumors in Reference to Then- Radio Sensitivity — Dr. Murray M. Copeland, 
Baltimore, Maryland. 

Gradation of Ewing’s Tumors — Dr. Willis C. Campbell and Dr. J. F. Hamilton, 
Memphis, Tennessee. 

Hemangioma of the Vertebra — Dr. R. K. Ghormley and Dr. A. W. Adson, Rochester, 
Minnesota. 

End Results of 200 Cases of Suppurative Arthritis— Dr. John A. Heberling, Pitts- 
burgh, Pennsylvania. 

The Use of Neo-Arsphenamine in the Treatment of Acute Osteomyelitis with Asso- 
ciated Staphylococcus Septicaemia: A Clinical and Experimental Stud 3 "— Dr. 
Edward LeCocq, Seattle, Washington. 


Wednesday, January 15 


Morning Session 

An Accurate Method for the Estimation of the Expected Groinh of the Femur 
and Tibia in Individual Children— Dr. Gerald G. Gill, San Francisco, California. 
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A Study of End Results in Bone Lengthening— Dr. Beveridge H. Moore, Chicago 
Illinois. 

The Timing of Fracture Healing Process; Its Influence on Choice and Application of 
Treatment Methods — Dr. Clay Ray Murray, New York, N. Y. 

Treatment of Osteomyelitis with Sulfathiazole Used Systemically and Locally— 
Dr. Frank D. Dickson, Dr. Rex L. Diveley, and Dr. Richard Kiene, Kansas 
City, Missouri. 

The Fate of Fascia Lata in Knee-Joint Reconstruction (Histological Study)— 
Dr. E. T. Evans, Minneapolis, Minnesota. 

Comparison of Stainless Steel and Vitallium as Material for Internal Fixation of 
Bone — Dr. J. Albert Key, St. Louis, Missouri. 

Use of Vitallium Ferrule to Alleviate Lesions of the Head of the Radius — Dr. 
Kellogg Speed, Chicago, Illinois. 

Fracture of the Patella Treated by Removal of the Fragments: End Results — 
Dr. J. E. M. Thomson, Lincoln, Nebraska. 

Some Mechanical Derangements of the Knee — Dr. Allen F. Voshell and Dr. Otto C. 
Brantigan, Baltimore, Maryland. 


Afiemoon Session 

Organization for Evacuation and Treatment of War Casualties — Col. N. T. Kirk, 
Washington, D. C. 

President’s Address — Dr. Robert D. Schrock, Omaha, Nebraska. 

Conservative and Operative Treatment of Fractui’es of the Carpal Scaphoid- 
Dr. Keene 0. Haldeman and Dr. Ralph Soto-Hall, San Francisco, California. 
Use of Preserved Bone Grafts in Orthopaedic Surgery — Dr. Alberto Incldn, Havana, 
Cuba. 

Treatment of Calcified Tendinitis — Dr. Joseph E. Milgram, Brooklyn, New York. 
The Public Care of the Physically Handicapped — Dr. Fred H. Albee, New lork, 
N. Y. 


Thursday, January 16 


Morning Session 

The Rib Joints — Dr. Joel E. Goldthwait, Boston, Massachusetts. 

The Role of Curare in the Prevention of Fractures in Convulsive Metrazol an 
Insulin-Shock Therapy — Dr. W. R. Hamsa, Omaha, Nebraska. 
Experimental Studies in the Use of a U Clamp for Approximation and Fm ion 
of Spinous Processes in Vertebral Fractui’es — Dr. Robert V. Funsten, ar 

lottes-ville, Virginia. . . 

Surgery of the Intrinsic Muscles of the Hand Other Than Those of Opposition o 
Thumb— Dr. Sterling Bunnell, San Francisco, California. , 4 - r Tn- 
A New Operation for Acromio-CJavicular Dislocation Dr. E. B. um or , 


dianapolis, Indiana. 

On Wednesday evening, Januarj’- 15, the annual banquet vas held at 
Roosevelt, After the banquet, prizes were awarded by the Commit ee on 

Investigation for the Scientific Exhibits, as follow’s: n^;,r;nalitv of 

Gold medal to Dr. Clay Ray Murray and Dr. Stephen Hudack, for g 
Presentation and Research. Their exhibit was entitled Operative ixa 

Bone Fractures”. _ , . In- 

Gold medal to Dr. Carl E. Badgley and Dr. George Hammond for Sem 

formation, as shown by their exhibit on ‘‘Suppurative Hip- om ise Clinical 

Gold medal to Dr. Allen F. Voshell and Dr. Otto C. for 

Value of then- e.xhibit, “Internal Derangements of the Knee— 

onstrations r n tor their exliib’l^- 

Certificates of Honorable Mention were awarded to the follow g 
Dr. Vernon L. Hartr-^Congenital Hip Without Dislocation. 

the jouhnal of bone and joint surgeb 
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Dr. Paul B. Steele — New Oiicrafive Treatment for Perthes’ Disease. 

Dr. Paul C. Colonna and Dr. Denman C. Hucherson — A Survey of Paralytic 
Scoliosis in Oklahoma. 

Dr. Lenox D. Baker and Dr. Alfred R. Shands — Gross Pathology of Bone. 

Dr. Guy A. Caldwell and Di\ Rufus H. Alldredge — Tibiofibular Diastasis and 
Associated Lesions. 

Dr. Willis C. Campbell and Dr. Harold B. Boj’d — Ti'eatment of Fracture of the Ulna 
with Dislocation of the Head of the Radius. 

Executive Sessions were held on Tuesday at noon and on Thursday morning. The 
new officers and the following members of committees were elected: 

Membership Committee: Dr. Mather Cleveland, New York, N. Y. 

Progi-am Committee: Dr. .Tames E. M. Thomson, Lincoln, Nebraska. 

Committee on Scientific Investigation : Dr. G. E. Haggart, Boston, Massachusetts. 
Committee on Legislation and Medical Economics; Dr. A. Bruce Gill, Philadelphia, 
Pennsylvania. 

Representatives chosen for the American Board of Orthopaedic Surgery: 

Dr. Joseph A. Freiberg, Cincinnati, Ohio, and Dr. Edward L. Compere, 
Chic.ago, Blinois. 

Dr. Henry W. Meyei ding, Rochester, Minnesota, was elected Representative of the 
Academy on the Board of Governors of the American College of Surgeons. 

The Membership Committee announced the election of the following new members: 
Dr. Lenox D. Baker, Durham, North Carolina. 

Dr. Charles H. Baldwin, Utica, New York. 

Dr. William H. Barker, Houston, Te.xas. 

Dr. Harold B. Boyd, Memphis, Tennessee. 

Dr. Louis W. Breck, El Paso, Texas. 

Dr. Norman R. Brown, Spokane, Washington. 

Dr. Wilfred S. Clark, Ventura, California. 

Dr. John R. Cobb, New York, N. Y. 

Dr. Harold H. Cohen, New York, N. Y. 

Dr. James Pierce Cole, Buffalo, New York. 

Dr. Malcolm B. Coutts, New Y'ork, N. Y. 

Dr. Henry B. Crawford, Rochester, New York. 

Dr. Edward H. Crosby, Hartford, Connecticut. 

Dr. Clyde W. Dawson, Columbus, Ohio. 

Dr, Otto A. Engh, Washington, D. C. 

Dr. Louis A. Goldstein, Rochester, New York, 

Dr. William T. Green, Boston, Massachusetts. 

Dr. Benjamin B. Greenberg, New York, N. Y. 

Dr. Edward J. Haboush, New York, N. Y. 

Dr. Pinckney Harral, San Francisco, California. 

Dr. Herbert W. Harris, Ann Arbor, Michigan. 

Dr. Thomas Horwitz, Philadelphia, Pennsylvania. 

Dr. Gilbert T. Hyatt, Fall River, Massachusetts. 

Dr. Charles Edwin Irwin, Warm Springs, Georgia. 

Dr. Frank S. Jones, Hartford, Connecticut. 

Dr. Walter W. IQng, Peoria, Illinois. 

Dr. Julius Ki-eitman, Brooklyn, New York. 

Dr. Robert F. Legge, Oakland, California. 

Dr. Max A. Levine, Los Angeles, California. 

Dr. Herman S. Lieberman, New York, N. Y. 

Dr. Frederick L. Liebolt, New York, N. Y. 

Dr. Paul H. Martin, Jacksonville, Florida. 

Dr. Robert Mazet, Jr., Great Neck, New York. 
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Dr. James McAteer, New York, N. Y. 

Dr. H. Helton McCarroll, St. Louis, Missouri. 

Dr. William D. McElroy, Youngstown, Ohio. 

Dr. Donald S. Miller, Chicago, Illinois. 

Dr. Ernest E. Myers, New York, N. Y. 

Dr. Benjamin E. Obletz, Buffalo, New York. 

Dr. Carson R. Reed, Jr., Shreveport, Louisiana. 

Dr. Ward N. Holland, Los Angeles, California. 

Dr. Albert J. Schein, New York, N. Y. 

Dr. Charles E. Sevier, Denver, Colorado. 

Dr. John A. Siegling, XJrbana, Illinois. 

Dr. Frank A. Slowick, Pittsfield, Massachusetts. 

Dr. Edward T. Smith, Houston, Texas. 

Dr. Harry A. Smith, Wilkes-Barre, Pennsylvania. 

Dr. Milton Strong Thompson, Portland, Maine. 

Dr. Pedro Sanchez Toledo, Havana, Cuba. 

Dr. James T. Tucker, Richmond, Virginia. 

Dr. J. Irving Tuell, Seattle, Washington. 

Dr. Raymond M. Wallerius, Sacramento, California. 

The officers for the ensuing year are: 

President: Dr. Oscar L. Miller, Charlotte, North Carolina. 

President-Elect: Dr. Carl E. Badgley, Ann Arbor, Michigan. 

Vice-President: Dr. Herman D. Schumm, Milwaukee, Wisconsin. 

Treasm-er: Dr. E. Bishop Mumford, Indianapolis, Indiana. 

Secretary: Dr. Rex L. Diveley, Kansas City, Missouri. 

Librarian-Historian: Dr. Philip Lewin, Chicago, Illinois. 

The next meeting will be held in Washington, D. C., January 11 vo 15, 1942. Dr. 
Guy W. Leadbetter, of Washington, was appointed chairman of the Local Arrangements 
Committee. 
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Die xonMALE und gestoute Knochenbrechheilung (Normal and Pathological Frac- 
ture Healing). Dr. ^Verner Block. Stuttgart, Ferdinand Enke, 1940. 49 marks. 

The present volume constitutes the sixty-second in the series of Neue Deutsche 
Chirurgic originally begun by von Bruns and continued under the editorship of Sauer- 
bruch. For those interested in the healing of fractures, this book is of the utmost im- 
portance. As its title may be translated, it is not only a study of normal and pathological 
fracture healing, but also a studj' of the healing of fractures in normal and pathological 
bones. Indeed, more than this, it is a review, on a broad biological basis, of all the proc- 
esses which lead to the development of bone. 

The first section of the work is devoted to a rapid historical review of the various 
theories of fracture healing. Since this involves an evaluation of the importance of the 
different components of bone healing, the next eighty pages are dedicated to a con- 
sideration of the role of the periosteum, the marrow, the bone lamellae, the connective 
tissue, the muscles, the reticulo-endothelial system, the blood vessels, and hemorrhage, as 
well as the nerve tissue, in the mechanism of fracture healing. All of the evidence, both 
for and against any particular point of view, is presented with a singularly impartial and 
critical attitude, even though the personal preferences of the author are presented in 
short summaries. 

In logical sequence, the peculiarities of healing in special types of fractures — for 
example, epiphyseal fractures, joint fractures, and fractures of the long and flat bones — 
are considered. The influence on healing of treatment by means of plaster, of traction, 
and of open operation is discussed. Despite the fact that the author is clearly in favor 
of the method of balanced traction, the opinions of proponents of other methods are 
clearly presented. 

The chapters devoted to the explanation of the physics, the physical chemistry, the 
colloid chemistry, and the chemistry of fracture healing are among the most interesting 
and stimulating in the entire volume. Though the significance of the mechanical and 
physico-chemical influences are clearly delineated, the author frankly admits that some 
additional force, a “nisus formativus” — the old “vitalismus” — must be invoked to ex- 
plain the fundamental problems, for which not even the newer knowledge of diet, vita- 
mins, and hormones suffices. 

In general, the normal appearance of bone is considered as a manifestation of normal 
differentiation in young mesenchymal tissues. The pathological manifestations are to be 
considered merely as an interference with the normal course of differentiation. It is in 
this light that the whole interesting chapter on pseudo-arthroses and the final chapter on 
fracture healing in diseased bone are approached. 

All in all, this book is one of the most fascinating that has fallen to the lot of this 
reviewer. Not only is it a repository of much important and scattered data; it is a rich 
storehouse of bibliographical references and a perfect mine in which unending problems 
for further research lie exposed to the mind of those who are interested. The book would 
well repay translation for those who cannot read German, and is a “must” for those who 
can master the language difficulty. 


Diagnosis and Treatment of Arthritis and Allied Disorders. H. M. Margolis, 
M.D., F.A.C.P. New York, Paul B. Hoeber, Inc., 1940. S7.50. 

General practitioners and medical students will obtain from this book a much better 
understanding of the many problems of “rheumatism” and arthritis as well as valuable 
information concerning the diagnosis and treatment of individual patients. The author 
strives particularly to dispel the attitude of defeatism which prevails among many general 
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practitioners responsible for the treatment of patients with arthritis. Poor therapeutic 
results, upon which the existence of this attitude depends, are due in part to errors in 
diagnosis and failure to prescribe appropriate therapy. 

The classification of the arthritides is simple and workable. Nearly half of the book is 
devoted to atrophic or rheumatoid arthritis. Many readers will wish that the sections 
on hypertrophic arthritis, rheumatic fever, and the specific infectious arthritides had been 
presented in more detail. Even less space is allotted to traumatic arthritis, hemophilic 
arthritis, the arthritis of serum sickness, neuropathic joint disease, fibrositis, Dupuy- 
tren’s contractures, and miscellaneous rheumatic conditions. Such brevity is un- 
fortunate in that information often required by the practitioner has been omitted. A 
much larger section is devoted to pain in the shoulder and arm, subacromial bursitis, 
periarthritis of the shoulder, cervical rib, the scalenus anterior syndrome, and various 
types of nerve involvement. The last hundred-odd pages contain a comprehensive dis- 
cussion of low-back and sciatic pain. The sections on pain in the shoulder, arm, and 
low back are of value principally from the point of view of differential diagnosis. The 
importance of considering “sciatica” as a symptom, rather than a diagnosis, is well 
brought out. Each chapter concludes rvith a bibliography, which in general is well 
selected. 

The chapters dealing with the constitutional background and etiology of rheumatoid 
arthritis are highly speculative. The author's opinions are traditional, though he is 
generally careful to qualify statements for which direct proof cannot be given. It is ad- 
mitted, for instance, that the conclusion that focal infections play a definite role in the 
etiology of rheumatoid arthritis is based solely on clinical impressions. 

The clinical and roentgenographic descriptions of rheumatoid arthritis are detailed. 
There is no mention of eye lesions which represent a rare, yet sometimes the fii’st, mani- 
festation of this constitutional disease. There is a brief discussion of the sedimentation 
rate in w'hich it is stated that corrections for anaemia are unnecessary. The author fails 
to refer to literature which upholds the opposite point of view. The importance of this 
point lies in the fact that certain patients with anaemia will be considered to have ele- 
vated sedimentation rates unless the corrections are taken into account. 

For the general practitioner, the chapters on the treatment of rheumatoid arthritis 
should prove to be the most valuable in the book. Those dealing with the prevention 
and correction of deformities contain information seldom taught in medical schools or on 
the medical wmrds of hospitals. These chapters are well illustrated and the author s 
recommendations are logically presented. In the chapter on physical therapy, stress is 
correctlj' placed upon simple and effective methods of treatment which the patient or ns 
family can carry out at home. Although the author describes in detail the technique o^ 
roentgen-ra 3 ’' therapy, he admits that its value remains to be proved. Concerning i 
value of gold as an adjunct in the treatment of rheumatoid arthritis, the author is lop^ 
ful, but not completely convinced. Since clinical data relative to the effectiveness o 
gold are still incomplete, this opinion is shared by manj'' others in this country. e ^s^ 
of colloidal sulphur, vaccines, fever therapy, foreign-protein therapy, or bee venom m le 
treatment of rheumatoid arthritis is not recommended. 


Die angeborene Huftverhenkung als orthopadisch-gebubtshilfliches 

(Congenital Dislocation of the Hip as an Orthopaedic-Obstetrical Prob em;. , 
Storck. (Beilageheft zur Zeiischrift fur Orthopcidie, LXX.) Stuttgart, er 

Enke, 1940. 11 marks. . , j mn=idera- 

A study of the etiology of congenital dislocation of the hip must luuluae a 
tion of the frequent association of scoliosis, breech presentation, tortico is, an 
tion of the knee. These all point to the presence of a mechanical factor n nc 
restricted space in the uterus. The usual manifestation is the abnorma posi 
foetus, — ^breech presentation in half of the cases of wrj^-neck, and in one- , 

of congenital dislocation of the hip. Obstetrical abnormalities must e consi 
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mary, and ortlu)])acdic dofoi’niities as secondary. Breech presentations are commonly 
associated with cranial asymmetry, less frequently with true torticollis, and with some 
disturbance of the formation of the hip joint. The associated orthopaedic deformities 
must be due in some cases to abnormalities of intra-uterine position. 

1'hc hcrcditai'y nature of th&se deformities is e.x'plained by hereditary mechanical 
abnormalities of intra-uterine position. This probability is based upon the frequent 
association of hip dislocation and torticollis with breech presentation, as proved by 
statistics. 


CuxicAL Pellagra. Seale Harris, M.D., and Seale Harris, Jr., M.D. St. Louis, 

C. V. Mo.sby Co., 1941. S7.00. 

This monograph is based on the personal views and e.xperiences of a southern physi- 
cian who has observed pellagra since the days when this disease was fii'st generally recog- 
nized in the southern states. As an historical account, it is of interest because it deals at 
lengtJi with the many earlier beliefs and hypotheses concerning the etiology of pellagra. 
Some of the.se lo’potheses, the author feels, are still worthy of serious consideration, since, 
in his view, the more i-ecent theory of dietary deficiency does not provide a complete ex- 
planation of the causation of tins disease. In describing the pathology of pellagra, the 
author presents certain views which are frankly based on individual opinion and cannot 
be said to have achieved general acceptance at the present time. This is particularly 
true of his views concerning tlie role of intestinal toxins and liver insufficiency in the 
production of the endemic disease. His clinical description of pellagra, which is accom- 
panied by some good illustrations, should be found useful, particularly by those who wish 
to obtain some knowledge of the less common manifestations of the disease. 

The final chapters are devoted to the discussion of the problem of pellagra prevention 
in the South. Almost eveiy one working on nutritional pj'oblems will agree with the 
authors’ emphasis on the importance of a good general diet in this connection, but some 
may not agree with their disapproval of providing the vitamin-B complex in the form 
of yeast, a therapeutic agent which they stigmatize as “this fungus”. 

The book contains sections by other authors, including two chapters summarizing 
the investigative work that has been carried out in recent years at Duke University and 
the University of Georgia. These chapters, written by Drs. Smith and Ruffin, and by 
Dr. Sj'denstricker, are particularly interesting and informative. 

The extensive bibliography renders the book particularly useful for reference 
purposes. 


Treatment in General Practice: Surgery {Continued). Articles republished from 

the British ICedical Journal, Vol. IV. London, H. K. Lewis & Co., Ltd., 1940. 

16 shillings net. 

Between 1936 and 1938, three volumes were published under the title, “Treatment 
in General Practice”. The first two dealt with some of the major medical disorders, the 
third with anaesthesia and surgery in general practice. This fourth volume contains 
articles which have appeared in the British Medical Journal since 1938. This volume, 
with its three predecessors, gives a complete conspectus of surgery for the general prac- 
titioner, which will prove of value to him in the pursuance of his ever 5 "-day work. This 
edition, if used alone, will serve a useful purpose, as it covers a wide range of surgical 
conditions. 

The book appears at a time when the British surgeon’s skill is being put to the acid 
test, as a result of the War, but surgical principles are essential^" the same in war as in 
peace. 

The volume contains 552 pages of text with 143 illustrations. The first eleven chap- 
ters deal with injuries and fractures of the shoulder joint, the upper arm, elbow, lower 
arm, and hand. Every major injurj" of importance, which might occur in the upper e.x- 
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tremity, is covered in a systematic manner. The anatomy of the region is described, the 
mechanism of the fracture disclosed, and its immediate and after-care outlined. A 
chapter on the sulphonamide chemotherapy in surgical infections follows. Chapters on 
lesions in the breast, injuries to the chest and spine pursue the same general method of 
presentation. The treatment of joint injuries, with detailed descriptions of manipula- 
tions of difficult joints, is next taken up. Six chapters cover- the field of surgery of the 
genito-urinary tract; five take up the lesions of the rectum and anus. Ten chapters deal 
with the lower extremity in a manner similar to that employed with the arm. In addi- 
tion to descriptions of the fractures of the extremity, the subject of amputated stumps and 
artificial limbs is taken up, and the preferable amputation is emphasized. An excellent 
chapter deals with penetrating wounds of the joints. 

These and many other subjects are covered in a methodical and clear manner. The 
book represents the opinions of a number of British surgeons who are authorities upon 
the field each has presented. In the main, the surgical principles laid down are the same 
the world over. The general practitioner will find this volume a valuable reference book. 
Here he can find quickly a clear and concise discussion of many of the surgical problems 
with which he is often faced. 


On Albehs-Schonbebg's Disease (Marble Bones). S. van Creveld and N. I. Hey- 

broek. Ada Paediatrica XXVII, 462, 1940. 

Two cases of Albers-Schonberg disease (marble bones) are reported in detail by van 
Creveld and Heybroek of Amsterdam. The first case was that of a new-born female 
child. Pregnancy had been uneventful and birth had been normal. Enlargement of 
the heart to percussion led to roentgenographic examination and discovery of the disease. 
There was sclerosis of the entire skeleton with narrowing of the marrow spaces. The 
blood picture showed erythroblastemia, thrombopenia, increase in stab cells, juvenile 
forms, and myelocytes. The serum calcium was normal; the phosphorus and phospha- 
tase were decreased. The child died on the ninth day. Autopsy showed a purulent 
meningitis, slight enlargement of the heart and spleen, and extramedullary blood forma- 
tion. The bones showed a diffuse osteosclerosis with failure of resorption of cartilage in 
the endochondral ossification and retardation of resorption of the periosteal bone on the 
inner side. There were no normal blood-forming elements. Practically all of the mar- 
row was replaced by large cells resembling reticulum cells. 

The second patient, a girl of four and one-half years, was brought for roentgeno 
graphic examination because she had been blind since birth. Extensive chemical stu les 
showed normal values for calcium, phosphorus, magnesium, and phosphatase. Fracture 
of the left femur occurred while the patient was under observation. j t 

From a review of 127 cases reported, including their own, the authors conclu e la 
the disease is congenital, but not hereditary; that bodily development is retar e , u 
mental development, as in their second case, is normal. There is an increased 
to fractures, and a tendency to clubbing of the long bones; transverse bands p^a e 
the line of the epiphyses are common. There is no definite evidence of distur 
any organ. Diagnosis can be made only bj' roentgenographic examination. ^ 
authors can suggest no possible etiology nor any therapy which favorably in uence 
disease. — J. G. Kuhns, M.D., Boston, Massachusetts. 


Roentgenographic Symptojis of Meniscal Lesion in the Knee oin 

Lindblom. Acta Radiologica, XXI, 274, 1940. ^ under- 

The author studied a series of seventy-four cases in which arthrograp ^ pf 

taken. The arthrogram was made following an injection of nine cu ic ce ,. 
a 35'per-cent. solution of perabrodil. The author states that an art j in 

of meniscal lesion was made in forty-three cases, operation su sequen > symp* 

twenty-seven, and the arthrographic diagnosis was verified in tu en j y . 
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toms of mcniscal lesion shown by arthrograin consisted of contrast filling of a fissure in 
thirty-five cases; partial defect of the meniscus in ten cases; and interposition of the soft 
tissues between the condyles in two cases. A number of reproductions of roentgeno- 
grams are included to demonstrate the author’s criteria for making the differential diag- 
nosis from these three conditions. In twentj'-seven of the cases in which arthrography 
was performed, a local osteophyte formation on the surface of the tibial condyle was 
noted. In twenty-four of these twentj'-seven cases, a meniscal lesion was observed on 
the same side where the osteophyte was found. As a rule, osteophytes do not appear 
until months or j-cars after injury to the cartilage has occurred; but in two cases, osteo- 
phytes were found as early as three weeks after the trauma. It is the author’s opinion 
that the presence of the local osteophyte supports the clinical diagnosis of an early 
meniscal lesion. “In the majority of cases confirmation as to the presence of meniscal 
lesion can be obtained by arthrography. For the arthrographic diagnosis, the fissures 
of the mcniscuses arc most important.’’ — Henry Milch, M.D., New York, N. Y. 


The Gross Pathology of Spontaneous Bone Tumours in Mice. F. C. Pybus and 
E. IV. Miller. The American Journal of Cancer, XL, 47, 1940. 

These authors have studied spontaneous bone tumors in a high-incidence strain of 
inbred mice. Xearlj- COO bone lesions were found in more than 300 mice. The femora, 
tibiae, and spines were the commonest sites. The tj’pes of growth were extremely varied 
representing all possible phases in the activity of the osteoblast, from the development of 
true hard bone to spindle-cell sarcoma with widely disseminated metastases. 

Careful analysis is presented of the age and sex incidence, distribution of metastases, 
clinical sj’mptoms and signs, and gross and roentgenographic appearance. The report 
is illustrated with photographs, roentgenograms, and several tables. — Grantley W. Taylor, 
M.D., Boston, Massachnselts. 


The Histology of Spontaneous Bone Tumours in Mice. F. C. Pybus and E. W. 

Miller. The American Journal of Cancer, XL, 54, 1940. 

This report describes the histological appearances encountered in a study of the 
tumors described in the preceding abstract, and is illustrated with numerous photomicro- 
graphs. The main classes of tumors are: hard osteoma, cancellous osteoma, osteosar- 
coma, osteosarcoma with giant cells, and chondro-osteosarcoma. Tumors in which 
bone and osteoid tissue predominate are the most frequent. — Grantley W. Taylor, M.D., 
Boston, Massachusetts. 


Internal Derangements of the Knee Joint. An Analysis of One Hundred Cases 
WITH Follow-Up Study. L. Kraeer Ferguson and Wesley D. Thompson. Annals 
of Surgery, CXII, 454, 1940. 

This is a review of 100 patients with internal derangement of the knee joint, who 
were operated upon, and the follow-up results in ninety-five. The anatomy, mechanism 
of injury, treatment, pathology, and end results are discussed. 

The mechanism of injury is similar in nearly all cases, — that is, internal torsion of the 
femur on the tibia with the knee partially flexed. Eighty-two cases were in males, and 
52 per cent, occurred in competitive sports. Sixty-eight were operated upon before 
their thirtieth year. 

Primary treatment was always conservative. The average time from the original 
injury to operation was two and a half years. In the authors’ e.xperience, any knee with 
true locking eventually has to be operated upon. 

Sixty-five of the 100 cases showed frank injuries to the menisci themselves. All but 
two were injuries to the internal semilunar, Thirt 3 "-one per cent, of cases had bucket- 
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handle tears, and 18 per cent, had tears in the anterior portion of the cartilage. In ten 
cases the tears were in the middle portion, and in six, in the posterior portion, of the 
cartilage. 

In thirteen of the patients operated upon, there was a definite looseness of the carti- 
lage. Frequently associated with this was a definite hypertrophy of the infrapatellar 
fat pad. These cases presented no characteristic diagnostic symptoms. The authors 
recommend excision of both fat pad and cartilage. There were sixteen cases in which 
only hypertrophy of the fat pad was found. These patients had pain and effusion. In 
most cases there was a history of limitation of extension. 

Results were good in four cases of injury to the anterior crucial ligaments, despite 
the fact that in only one was an attempt at repair made. This seems most extraordinary. 

There were five eases in which osteochondritis dissecans or foreign bodies Avere found. 
The abstractor presumes that the authors use the term foreign bodies to designate car- 
tilaginous or osteocartilaginous loose bodies. The results were good in this group. 

The essential points in the plan for operation and after-care are: no special prepara- 
tion of knee, spinal anaesthesia, use of a tourniquet, loose suture of synovial capsule, 
pressure bandage without splint, early ambulatory after-care with early weight-bearing. 

The results AA^ere excellent in a very high percentage of cases. — 0. B. Bolibaugh, M.D., 
San Francisco, California. 


Factors Influencing the Prognosis in Osteogenic Sarcoma. Bradley L. Coley 
and John L. Pool. Annals of Surgery, CXII, 1114, 1940. 

This study is based on 217 cases of osteogenic sarcoma observed at the Memorial 
Hospital and attempts to evaluate the factors influencing the prognosis. Microscopic 
confirmation was obtained for 160 of this group. Thirty-five patients, or 22 per cent., of 
this latter group remain free of disease five years after treatment. 

The factors considered lA'ere: age, sex, interval elapsing betu'een onset of symptoms 
and amputation of limb, anatomical location of tumor, biopsy, histological grading of 
tumor, and nature of treatment employed. 

The peak of the age incidence occurs in late adolescence. The prognosis is exceed- 
ingly bad in this group, and nearly as bad in patients over forty. When the lesion is 
associated Avith Paget's disease, the prognosis is also extremely bad. 

Of the 160 cases 100 Avere males and sixty females. The survival rate in females aa as 
28 per cent., compared Avith 18 per cent, in males. The authors Avere unable to account 
for this difference. , 

Pathological fracture occurred in fifteen cases. In fatal cases the duration o i e 
was halved. Early pathological fracture A\ms seen most often in rapidly groAving ma ig 
nant tumors. 

There aa'us an interval of one year or more betAveen onset of symptoms and ampu a 
tion in 18 per cent, of the patients Avho died and in 22 per cent, of those aaIio surnve 
Delay was usually due to failure to make a correct diagnosis. 

The loAver third of the femur is the most frequent location of the tumor, vi i 
upper end of the tibia, the humerus, and fibula next in order of frequency. s ^ 

peripheral the site of the tumor, the better the prognosis. i in 75 

The authors recommend aspiration biopsy and state that it was success u 


per cent, of cases in AARich it Avas attempted. j + 'ne the 

The gross pathological picture, as aa’cII as the microscopic picture, e 

malignancy of the tumor. The survival rate for low-grade malignancies Avas 

cent.; for average, 16 per cent.; and for high-grade malignancies 15 per cen . u,. 

Of the patients in whom amputation n-as performed through t e . jj., 

involved, 35 per cent, survived five years. Only 21 per cent, survive through 

disarticulation through the joint above, and 36 per cent, survive , j 

the bone above. The authors beUeve that indiscriminate disarticulation ot 
for tumors in the loAi’er third of the femur is not justified. 
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Ani]nit!ition above witli preopcrativo radiation remains the method of choice. 
Ih-idiaiion alone v'as ii.‘-cd in thirty-two cases, with onlj' one survival. 

Coley’.s toxins were administered in ninetj'-one cases, with twenty survivals. The 
author.s feel that they are definitely indicated during post-operative period in young 
individuals. — 0. B. Bolibaugh, San Francisco, California. 


Sacho-Iuac TuDERruLOsis. H. J. Scddon. British J. Surg., XXVIII, 193, 1940. 

A group of 17G cases of sacro-iliac tuberculosis have been reviewed. From this 
study it is shown that it is a disease of young adults. In 33 per cent, of the cases an 
isolated lesion without sinuses was found. In 31 per cent, the lesion was still isolated, 
but sinuses were present. Tuberculosis elsewhere in the body was found in 36 per cent, 
of the group. 

Abscesses formed in 72 per cent., and the pain usuall 5 ' subsided with the formation 
of the abscess. Associated lesions occurred chieflj' in the lungs, joints, and lumbar spine. 
Variations in the severity of the disease and associated lesions were noted in different 
parts of the country. The commonest roentgenogi'aphic findings were erosion of the 
joint surfaces. 

The mortality rate over a six-j’ear period was 10 per cent, for the closed isolated 
lesions, 25 per cent, for the isolated lesions with sinuses, and 55 per cent, when other foci 
were present. 

Relapses after recovery were rare and the patient was usually able to return to duty. 
Sinuses occasionally caused chronic invalidism. “Bony ankylosis is probably the usual 
end result of conservative treatment, even in the absence of secondaiy infection.” 

Conservatism should bo used in the treatment. The surgical results are not en- 
couraging. Fifty-four operations were performed on forty-nine patients. Radical 
excision was practiced twelve times with six successes. The Verrall type of fusion was 
done twenty-one times with satisfactorj' results in fourteen. Smith-Petersen’s operation 
was done on fourteen patients, and the result was considered satisfactory in all but two. 

Operation did not reduce the period of hospital treatment which averaged eighteen 
months . — Ernest il/. Daland, j\I.D., Boston, Massachusetts. 


The Treat.-uent, Co.mplicatioxs, and Late Results of Acute H.fEsrATOGENous 
Osteomyelitis Based on a Study of 500 Cases Admitted to the London Hos- 
pital During the Years 1919-37. E. C. B. Butler. British J. Surg., XXVIII, 
261, 1940. 

Two-thirds of the patients in this study were males, and the majority were under 
twenty years of age. The staphylococcus was the commonest organism isolated. Great 
emphasis is laid on quantitative blood cultures in determining the prognosis and the 
progress of the disease. 

One-fourth of the patients had osteomjmlitis of the femora, and one-third showed 
involvement of the tibiae. About one-half of the patients made a complete recovery, 
but the others had deformity, pain, discharge, or recurrent infection. 

Treatment may be summarized as follows: blood culture, estimation of the anti- 
bodies, intramuscular administration of staphylococcal antitoxin, absolute rest of the 
affected bone, an abundant supply of fluids, and then operation which may consist of 
aspiration, incision of the periosteum, or incision and drilling of the bone. 

After operation the bone is kept at rest in plaster. Repeated small transfusions 
may be used. Careful watch is kept for infection in other bones and for local arthritis. 

Ernest M. Daland, lif.D., Boston, Massachusetts. 


Observations on Dental Sepsis and Its Relation to Dise.\ses. M. D. Anantha- 
chari. Journal of the Indian Medical Association, IX, 529, 1940. 

The author comments wisely on the relation of oral sepsis to arthritis, peptic ulcer. 
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iritis, and anaemia. Recognizing the causative importance of dental infections in a 
wide variety of metastatic conditions, he yet counsels conservatism in the removal of 
teeth. — Robert M. Green, M.D., Boston, Massachusetts. 


Traction Lesions of the External Popliteal Nerve. Harry Platt. The Lancet, 

11, 612, 1940. 

Mr. Platt further reviews and illustrates with additional cases a lesion which he 
described in The Journal of Bone and Joint Surgery in 1928. Nine examples of traction 
lesions of the external popliteal nerve produced by adduction injuries to the knee are re- 
ported. Of the nerve lesions, four were examples of overstretching without loss of con- 
tinuity, and five were complete ruptures treated by end-to-end suture. The nerve 
sutures, performed after a delay of three months and longer, gave disappointing results. 
In traction lesions of this type, the injured nerve should, therefore, be explored within the 
first few weeks of the accident. In exploring the graver types of complete rupture the 
distal part of the nerve trunk should be sought in the region of the tear in the lateral 
capsule of the knee joint. — Lenox D. Baker, M.D., Durham, North Carolina. 


Standard Pattern for Hip Spica. W. Sayle Greer. The Lancet, I, 9, Jan. 4, 1941. 

The author describes a simplified method of appbdng a “creamed-fabric” plaster 
hip spica. His method is a modification of Trueta’s pattern. The basic idea of the 
suggested modification is to use three pieces for the hip spica as in the shoulder spica. 
Several suggestions are offered to facilitate applying such a cast. From the number of 
articles appearing in the English literature on the use of patterns in applying plaster 
casts, the method is evidently an efficient and rapid procedure, and one which should be 
studied by those in America who are to have charge of such work in case of wartime or 
civil emergencies. To this group the article is highly recommended as ’t is concise and 
well illustrated. — Lenox D. Baker, M.D., Durham, North Carolina. 


Alban Kohler's Disease. I. N. Odesskiy and T. G. Babkin. Novy Khirurgicheshiy 
Arkhiv, XLV, 305, 1940. 

The authors examined 144 normal children from three to eight years of age to es- 
tablish whether this condition exists in normal children. A roentgenographic study vas 
made and correlated with clinical and literary data. The investigation led the authors 
to the conclusion that Kohler's disease of the navicular bone is only a variety of norma 
development of the foot and does not represent a pathological entity. Emanuel B. 
Ka-plan, M.D., Neio York, N. Y. 


Juvenile Osteochondrosis. C. A, Stammel. Radiology, XXXV, 413, 

The author gives an excellent review of the condition of osteochondritis or os eo- 
chondrosis”, as more recently suggested by Harbin, because it involves vaiious cen ers 
of bone growth. The author points out the confusion which has come from 
the lesions in their various locations, by the names of the men who first descri e wu , 
and the desirability of classifying them all as osteochondrosis. He gives goo 
tions of the condition in its various locations, with its course, symptomato ogyj roei^ 

genographic characteristics, and final outcome, and with excellent - 

Edward N. Reed. M.D., Santa Mornca, Calijorma. 


Roentgen Findings in Caisson Disease of Bone, with Case Reporls. 

A. Rendich and L. A. Harrington. Radiology, XXXV, 439, {nar cases 

The authors review the literature on caisson disease of bone, and descn le 

from their own service. 
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I'hc primary lesion is an accumulation of nitrogen gas in the bone, with a resultant 
massive aseptic necrosis. Involvement of the articular cortex and cartilage leads to the 
slow development of arthritis deformans, with or without osteocartilaginous loose bodies. 
Medullary calcification and disturbance of the lamellar structure of the ends of the 
larger long bones are characteristic. — Edward N. Reed, M.D., Santa Monica, California. 


^'^EnTEnnA plax.v (Cal\'e) (OsTEOcnoNnniTE ranTEBHALE infantile). Bruno Valentin. 

Revista Brasileira dc Cirurgia, June 1940. 

The effects of vertebra plana (Calvd) have been known for about fifteen years. 
Previouslj', it had been considered a tuberculous affection of the spine, but it should be 
classified among the diseases due to growth disturbance, together with diseases of the 
head of the femur, the navicular bone, etc. The author states that there have been only 
about thirty cases reported in the literature, and these occurred in children from two to 
foui'teen years of age. He then discusses the clinical picture and the roentgenographic 
diagnosis of the disease. Regeneration of the affected vertebrae is evident at about the 
time that pubert}' begins. 

The author reports two cases. One of his patients, who showed the affection in 
several vertebrae, was improving but had not entirely recovered. 


RECONSTlTUlg.AO AUTICOLAn AUTOPLASTICA do COTOVELLO VALOigANTE (Autoplastic 
Articular Reconstruction of the Flail Elbow). Achilles de Araujo. Revista Brasi- 
leira de Orthopedia e Traumatologia, II, 3, 1940. 

The author describes a case of elbow reconstruction in which, through a posterior 
incision, the elbow was approached, and a new articulation created on the anterior surface 
of the lower end of the humerus with a posterior ledge. The author believes that sub- 
periosteal resections of the elbow are more useful than other types of operations in cases 
of traumatic lesions of the elbow, whether suppurative or not. The importance of 
physiotherapy is indicated. In the author’s series of eleven patients with flail elbow, 
four were treated and improved by physiotherapy alone; two were treated by open cap- 
suloligamentous reconstructions; two were operated upon to obtain bony ankjdosis; and 
one required an amputation. — Emanuel B. Kaplan, New York, N. Y. 


An Analysis of the Treatment of Sixty'-Eight Cases of Fractures of the Shafts 

OF THE Tibia and Fibula with Roger Anderson Splint. Howard A. Swart. 

Southern Med. J., XXXIII, 1081, Oct. 1940. 

After describing the method of using the splint in the treatment of fractures of the 
shafts of the tibia and fibula, the author makes a statistical analysis of the age, se.x, color, 
and occupation of the patients; types and locations of fractures; incidence of infections; 
details of treatment; and results. There was slow union in 10.3 per cent, and non-union 
in 5.8 per cent. Open reduction was used in 3 per cent. Of the known end results 90.7 
per cent, were good and 9.3 per cent, bad (non-union) ; 10.3 per cent, were still under 
observation. The average time away from work was 7.43 months. The author dis- 
cusses common errors and the advantages and disadvantages of the method of treatment. — 

Fred G. Hodgson, Atlanta, Georgia. 


Practical Problems of Phy'sics in Orthopedic Surgery-. Earl D. McBride. South- 
ern Med. J., XXXIII, 1272, Dec. 1940. 

The orthopaedic surgeon must be proficient in the science of mechanics; he must be 
a construction engineer as well as a surgeon. The analytical studj- of ph 3 ’sical disabilitY- 
involves more than clinical judgment and decision. The laws of phj-sics, and mechanical 
demands must at least be recognized as dominating the biological laws. The forces of 
stress and equilibrium are accuratelj’’ calculated for the construction of inanimate ma- 
terial. The same approach maj- be made to living material, even though it maj- not 
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reach perfection because of biological variations. Several examples are briefly presented 
here to illustrate how such information may be formulated mathematically.— Fred G. 
Hodgson, M.D., Atlanta, Georgia. 


The Surgical Treatment of Unequal Leg Length. Paul H. Harmon and William 

M. Krigsten. Surgery, Gynecology and Obstetrics, LXXI, 482, 1940. 

The writers discuss three methods of leg-length equalization, along with the preven- 
tion of shortening, and physiology of bone bearing on longitudinal growth disturbance. 
Most length discrepancies of one to five inches can be corrected by surgery. 

The major causes of shortening are perforation of infection through epiphyseal lines 
and into joints, too long immobilization for poliomyelitis, and involvement of the epiph- 
yses about the knee. Correct treatment of infection, poliomyelitis, and trauma will 
do much to reduce the incidence of inequality. Fusion of the upper femoral epiphysis 
causes little inequality if the patient is not immobilized too long. Unilateral lumbar 
ramisectomy has no consistent effect on longitudinal growth. 

The three methods are; (1) operative slowing of growth, (2) shortening of the long 
extremity, and (3) lengthening of the short extremity. Operative slowing, the most 
conservative method, is done by epiphyseal arrest and has a definite field of usefulness, 
but is limited to the ages seven to twelve (fifteen in boys). Great care must be taken in 
the selection of cases and in considering the appropriate age for arrest. Operations 
should be done as early as possible. Growth factors need more study before real ac- 
curacy can be obtained. The operative technique of Phemister is described. One 
hundred and twenty patients have been operated upon with no infection or deaths. 

Shortening of the long extremity is the most exact and applicable method. Several 
techniques are described, and that of making medullary and onlay grafts from the re- 
moved section of bone is recommended. Twenty-five of these operations have been done 
with excellent results in twenty-four. In one, infection developed, but later union was 
attained. 

Lengthening of the short extremity has been done eleven times, — four times in the 
leg and seven times in the thigh; the results in three vreve unsuccessful. This is the least 
favored of the three methods because of technical difficulty and limitation in indications. 
With adequate musculature, and suitable bone (no previous osteomyelitis), equal ex- 
tremity length should be obtainable. Multiple-pin methods with Z osteotomy for t le 
leg and Compere’s addition of a large tibial graft at the osteotomy site in the femur arc 
recommended. Methods and results are illustrated by line drawings, photographs, an 
roentgenograms . — Richard McGovney, M.D., Santa Barbara, California. 


Fractures in the Neck of the Femur — ^Accurate Subcutaneous Fixation rith 
ScREivs. Edwin 0. Geckeler and Alfred Tuttle. Surgerij, Gynecology and Obstet- 
rics. LXXII, 106, Jan. 1941. > 

The writers describe a two-screw method of internal fixation which they lave use 
in fifty cases since 1936. No cases of non-union occurred except in some « ith previous 
ununited fractures. 

The method consists of subcutaneous insertion of two screws under uorosc 
control through a guide and cannula apparatus. The guide prevents 
missing the abnormally anteverted neck. The apparatus is clearly descri le 
trated. The anaesthetic is pentothal sodium. The reduction is bj t e 
method. The extremity is kept in wide abduction and internal rotation. ic first 
hands work in a sterilized lead-covered box. The patient is mobilized iw nn 
days following fixation. Crutches are used until roentgenographic evi 
union is present. The average age of these patients was seventy-three 1 j^inutes. 

hospitalization twenty-four da 3 'S, and the average operating time tvOT J J'' itI.D; 
There were no operative deaths and three operative failures. Ric \ar l c o 
Santa Barbara, California. 
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Sciatic Pain in 
Low-Back Derangements: 

Its Incidence, Significance, and Treatment 
(L^ Symposium^ 
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Introduction Fremont A. Chandler, M.D. 

Anatomical Variations and Roentgenographic Appearance of 
the Low Back in Relation to Sciatic Pain. 

Theodore A. Willis, M.D, 

Neuro-Anatomical and Physiological Aspects and Signifi- 
cance of Sciatica Winchell McK. Craig, M.D. 

and Maurice N. Walsh, M.D. 

Conservative Treatment of Sciatic Pain in Low-Back 

Disability John G. Kuhns, M.D. 

Posterior Protrusion of the Lumbar Intervertebral Discs. 

Joseph S. Barr, M.D. 
and William Jason Mixter, M.D. 

Spine Fusion for Protruding Intervertebral Discs. 

Benjamin P. Farrell, M.D. 
and William B. MacCracken, M.D. 

Sacro-Iliac Conditions Marius N. Smith-Petersen, M.D. 

Low Backache and Sciatic Pain Associated with Spondylo- 
listhesis and Protruded Intervertebral Disc: Incidence, 
Significance, and Treatment . . . Henry W. Meyerding, M.D. 

Fasciotomy for Sciatic Pain Frank R. Ober, M.D. 

The Relief of Low-Back Pain and Sciatica by Release of Fascia 

and Muscle Clarence H. Heyman, M.D. 

The Fascial Elements in Associated Low-Back and Sciatic 

Pain Albert H. Freiberg, M.D. 
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SCIATIC PAIN IN LOW-BACK DERANGEMENTS: ITS 
INCIDENCE, SIGNIFICANCE, AND TREATMENT 

Introduction 

BV FREMONT A. CHANDLER, M.D., CHICAGO, ILLINOIS, Chairman 

In prcsonting a Symposium on “Sciatic Pain in Low-Back Derange- 
ments: Its Incidence, Significance, and Treatment”, your officers and pro- 
gram committee have cooperated in selecting a subject which is wide in 
scope, is open to a multitude of interpretations in which fixed opinions of 
leaders of orthopaedic thought are in conflict, and is one that is slowly 
yielding to careful scientific stud3'' and anal3^sis. The orthopaedic surgeon 
of wide experience, as represented by members of this Association, needs 
no review of the pitfalls of diagnosis or treatment. He readily recognizes 
the many potential etiological features of this .symptom complex, and 
chooses from a wide variety of therapeutic measures in prescribing for 
his patient. As no jianacea has been presented, the orthopaedic surgeon 
actively or passively follows the oscillations of the therapeutic pendulum, 
and, with the accumulation of experience, charts his own course of pro- 
cedure in each case. Newer procedures are scrutinized, te.sted, and ac- 
cepted or discarded. 

The composite judgment of the membership of this Association ex- 
pressed in a symposium on sciatic pain should constitute a balance wheel 
for all medical thought. 

The breadth of the subject neces.sitates restriction of the range of 
discussion, so that a more thorough consideration of the orthopaedic 
phases may be developed. In order to focus attention on major divisions 
of the problem, your officers and committee have asked and have re- 
ceived the cooperation of the several e.ssayists appearing on the program 
during the forenoon. These men have been asked to present their 
subjects with special relation to sciatic pain. Because of this limitation, 
their papers may not be as comprehensive as the titles would indicate. 

During the afternoon, the symposium will be open for a thorough 
discussion. Several members have been requested to open discussion of 
the papers presented in the forenoon. They have been most cooperative 
in accepting these assignments. 

To facilitate an orderly participation b3'- as man3'- members as possible, 
cards have been prepared for the use of those interested in taking part. 
The essayists will have twenty minutes for their presentations, the dis- 
cussers five minutes. 
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ANATOMICAL VARIATIONS AND ROENTGENOGRAPHIC 
APPEARANCE OF THE LOW BACK IN RELATION TO 

SCIATIC PAIN 


BY THEODORE A. "WILLIS, M.D., CLEVELAND, OHIO 


Except for a rare Blitzkrieg against a specific disease entit}'^, progress 
of medical science has resulted from continuous pressure exerted on a wide 
front, advance salients being thrown out now here, now there, in the fields 
of bacteriology, parasitology, biochemistry, pathology, and physiology. 
In the excitement of victory undue importance has often been ascribed to 
local successes, and greater advance has been claimed than could be 
maintained. 


In the campaign against loiv-back pain and sciatica one recalls the 
battles of Gynecolog}'-, Sacro-Iliac Subluxation, Postural Fault, Con- 
genital Anomalies, Fascitis and Contractures, Spastic P3u-iformis, Dis- 
placed Intervertebral Discs, Thickened Ligamenta Flava, and Narrowed 
Intervertebral Spaces. All of them were notable advances, but each of 
them, though temporarilj'- overemphasized, was only a part of the cam- 
paign. Only time and perspective can attribute to each its relative im- 
portance in the general conflict. 

The battle of Congenital Anomalies, which is to be discussed, like the 
others, overshot its true objective and was temporarily overpropagan- 
dized. That the reaction has not j’^et died out, nor the true importance 
of the advance been established, the writer is convinced; for one reason, 
because roentgenologist colleagues, who used to note in their reports all 
vertebral anomalies, have become negligent in this respect, and it was 
necessaiy for him to examine all the roentgenograms himself in collecting 


data for this discussion. 

Theoreticallj'^, congenital anomalies of the lumbosacral and sacro-iliac 
areas of the skeleton ma^’’ be of interest in the syndrome of low-back pain 
and sciatica either as predisposing or etiological agents, or as factois pie- 
venting recoveiy from these s3'’mptoms following injuiy. Certain anoma 
lies weaken the anchorage of the spinal column to the pelvis. Otheis 
expose the contents of the neural foramina, particulai’b'^ the last piesacia 
nerve roots, to impingement, sti’ess, or irritation from postuial fan ts oi 


disease. . , 

It is unfortunate that the lumbosacral junction is the paiticiilai pfi ^ 
of the human spinal column most subject to mechanical stiain, anc 
the same time the part most often involved in anomalies an e ec - 


development. f-nmn' 

Two natural processes are to blame for this. First, an ei o u ' ‘ * 
shortening of the spinal columns of man and the other primates is 
accomplished b3’' inclusion in the sacrum of the last lum lai e 
Second, upright posture has been accomplished by hyperexten.« 
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nearly a riglil angle at t he lumbosacral area. The first process gives rise, 
in adclilion to numerical I'ariation of presaci-al vertebrae, to the many 
anomalies resulting from partial sacralization of the last lumbar and par- 
tial lumbarization of the first sacral segments. These are evidenced as 
enlarged transverse jirocesses articulating or impinging with the sacrum or 
ilia, narrow lumbosacral intervertebral spaces, sagittal-plane articular 
processes, and decrease in the anteroposterior diameter of the superior 
surface of the sacrum as comiiared to the inferior lumbar surface oppos- 
ing it. 

Lack of sjiinous processes, spina bifida, and interruptions in con- 
tinuity of the neural arches, localized particularl.y at the lumbosacral 
level of the back, are examples of defective development of bone segments. 
Interruptions in the neural arch have been reported in all races of man- 
kind, but not to the author’s knowledge in human foetuses, or in the spinal 
column of anj' other vertebrate. This anomaly is, therefore, believed to 
be a consequence of assumption of upright posture. 

The problem at hand is which, if any, of these anomalies and defects 
do, and which do not, pla}^ a part in the development of low-back pain 
with gluteal and sciatic distribution, or delay recoverj’- from such sj^mp- 
toms arising from injury or disease. A brief discussion of these lesions 
and the waj’^s in which thej’- ma}’^ so affect the bodj'^ will be attempted. 

It is doubtful whether the addition or subtraction from the spinal 
column of a normal presacral segment affects its stabilit}’^ to an.y apprecia- 
ble extent. A longer back ma}'- be slightly more mobile, and a shorter one 
perhaps a little stronger. 

It is doubtful whether bilateral, symmetrically enlarged transverse 
processes which do not impinge upon, or articulate with the sacrum or ilia 
weaken the sacro-iliac juncture. The claim has been made that these 
enlarged processes form a prominence over which the lower nerve roots are 
stretched, with resulting nerve irritation and sciatic pain. In a series of 
cases remoAml of these large transverse processes has been folloived by 
relief of pain. Since processes and nerves develop simultaneous!}", it is 
improbable that they are maladjusted, but with development of lordosis 
or muscle spasticity the tension on the nerve or blood vessels might be 
increased, as in cervical-rib syndrome. Relief of sciatic pain has followed 
so many simple fasciotomies, however, that one is not justified in at- 
tributing the favorable postoperative reaction entirel}" to the removal of 
the enlarged transverse process. 

It seems reasonable to suppose that as}"mmetrical anchorage of the 
lumbar column to the pelvis predisposes that part of the back to strains 
and sprains. The as3"mmetiy maj" be in the size and attachment of the 
transverse processes or in the planes and inclinations of the articular 
facets. Variations of the latter particularly affect the direction and 
extent of lumbosacral mobility. 

It is a fact that a congenitally narrow lumbosaeral interspace ap- 
proaching the first sacral interspace in depth, diminishes the size of the 
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foramina through which the last lumbar nerve roots emerge and thus 
increases liabilitj^ of the transmitted nerves to pressure from accident, 
disease or lordosis. Differentiation of congenital from acquired narrowing 
of the intervertebral space must be difficult in most instances, but why a 
narrow space with increased overriding of the articular processes should 
be labelled backward displacement of the lumbar vertebra, or reversed 
spondylolisthesis, is a riddle. This diagnosis is based upon the relative 
position of the postero-inferior border of the last lumbar body to the 
posterosuperior border of the first sacral vertebra as shown by lateral 
roentgenograms, but the superior surface of the sacrum is so variable in 
form, its posterior border being either convex or concave toward the 
neural canal, that as a landmark it is most unreliable. This sacral surface 
was found of less anteroposterior diameter than the opposing lumbar in 
66 per cent, of fifty skeletons examined. 

The criticism, that museum material is worthless as evidence in prov- 
ing the point, seems as preposterous as the basing of an opinion on the 
shadowgraph known as a roentgenogram without critical consideration of 
the parts casting the shadow. 

It has been conclusively shown that in the great majority of vertebrae 
each lateral half of the neural arch develops from a single center of ossifica- 
tion. These two centers normally meet in the midline behind at about 
the time of birth, fuse, and develop the spinous processes. The lumbar 
spinous processes provide large surfaces for the attachment of the powerful 
ligaments and muscles that stabilize the lower back. Failure of the lower 
lumbar or the upper sacral spinous processes to develop therefore probably 
results in a less stable back. But sprain of a back is a matter of the 
strength of the affected individual in relation to the amount of force 
applied and his position when it is applied, and unfortunately the same 
individual cannot be tested Avith and without a spinous process. 

As is well known, skeletal anomaly is often associated with defects o 
the soft tissues, particularly of nerve tissue. It is conceivable that deft 
of the neural arch may well be associated with defective development o 
the spinal cord and its nerve roots in minor as well as major spina bi a. 
The author has been able to find veiy little information concerning neu 
rological variations associated with the lesser degrees of spina hi a 
occulta. Dittrich reported a number of laminectomies done for sacia 
spina bifida occulta in all of which he found pathological fat, muse e, an^ 
fibrous tissue pressing or pulling on the nerve structures. Since these u ei^ 
found in muscular rheumatism, hematogenous osteom3mlitis, and m an ^ 
parab'^sis as invariabl}'’ as in spastic paralj'-sis, eneuresis, dysmenott 
constipation, and the S3mdrome under discussion, one questions 
portance of the pathoIog3'- reported. . 

A lesion more definitely affecting stability of the lower bac-^ - 
lateral defect of the neural arch. Hitchcock has come closest to e.vp ^ 
ing the etiology of this condition in attributing it to a fracture o 
both laminae incurred in early infancy before they are well osS 
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TABLE I 

CoMi'AUisox or Axomalies Fouxd ix the Presext Series of Patients with Those 
IX Previously Published Studies 


Anomalv 

1 

Pi-esent 

Series 

79 Cases 

No. Per Cent. 

Museum 
Skeletons 
748 Cases 

Per Cent. 

Badgle3"’s 
447 Cases 

Per Cent. 

Hodges’ 
and 
Peck’s 
538 * 
Cases 
Per Cent. 

Williams’ 
400 Cases 

Per Cent. 

No congenital anomaly. 

44 

55 7 

88 0 

72 9 



Partial luinbarization or 







sacralization 

20 

25 3 

G G8 

9 7 

14.3 

15.7 

Narrow lumbosacral discs 

G 

7 G 


57 2 

12.8 

71 25 

Laminar defects 

5 

G 3 

4 14t 

8 1** 


3 25** 

Spina bifida occulta .... 

7 

S 8 

1 2t 

10 8 



AsAunnietrical facets .... 

11 

1 

13.9 


21 9 


2 0 


* 353 cases Imd backaclie but no radiation. 

t Last lumbar only. 

** Spondj’lolistliesis. 

I In another study of 1,520 skeletons, the author found 5.2 per cent, witli laminar 
defects. 

fused. The injured cartilaginous tissue fails to ossif}’^ and the anchorage 
of the spinal column to the sacrum depends upon fibrous union only. 
Hitchcock, Ferguson, and Friberg have each reported instances of this 
defect in which the consequent spondylolisthesis has occurred or pro- 
gressed after injuiy. 

Coe.xistence of the central and lateral defects of the neural arch would 
seem still further to affect the stabilit3'^ of the parts and their resistance to 
injury. 

Muscle fatigue, in the lower back as elsewhere, gives rise to discom- 
fort which increases as the cause of fatigue continues. As the musculature 
fails, more and more strain falls upon the ligaments and joint structures. 
These inelastic tissues graduallj^ give wajq but not without protest, and 
inflammatoiy changes occur, together with soreness, restricted mobility 
and pain both locall3^ and along the distribution of the nerves that suppty 
the affected parts. 

Possible mechanisms of low-back and sciatic pain resulting from 
congenital skeletal anomalies are chronic muscle strain and ligament 
sprain, tension on, or compression of, nerve roots, and associated anoma- 
lies of nerve tissue. 

Since there is no wa3^ of testing the strength and stability of a back 
with, and again without, the various anomalies, and since a surgical opera- 
tion, or eA^en such simple treatment as bed rest or postural exercise affects 
the part in different wa3"s, proof of an etiological theoiy from the result of 
treatment is uncertain. Probably the best available evidence concerning 
their etiological importance is a determination of the incidence of the 
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various anomalies in a group of individuals suffering from low-back pain 
and sciatica and in a comparative group that is symptom-free. 

In search of this information the records of the last 2,500 patients 
seen at the writer’s office have been reviewed. Two hundred and twentj^- 
nine, or 9.2 per cent., of them gave as their reasons for seeking professional 
advice loAv-back pain extending to one or both thighs or legs. It has been 
the writer’s custom, if the etiology of the complaint seems clear and re- 
sponse to treatment is prompt, to spare the patient the expense of roent- 
genographic examination. After discarding these, and also those in whom 
there was proven patholog}’- accounting for the complaint, for example; 
five with fascial contractures, twenty-two with arthritis, three with 
displaced intervertebral discs, four with ruptured and retracted ligamenta 
flava, three with tuberculosis, one vnth osteomalacea, and one with 
Paget’s disease, there remained onlj'- seventy-nine patients or 34.5 per cent. 
in whose backs no definite pathological condition could be demonstrated. 

Of these seventy-nine, twenty-three showed no' skeletal anomalies. 
In twenty-one the transverse pi-ocesses of the last lumbar vertebra were 
definite^ large but made no contact with sacrum or ilia. 

In twentj’’ there was impingement, articulation, or fusion of one or 
both last lumbar transverse processes with the sacrum. The lumbosacral 
intervertebral space was definitely narrow in six. The neural arches were 
defective in five, in three of which spondylolisthesis had occurred. Spina 
bifida occulta was present in the last lumbar ■\’'ertebra in two, and in the 
first sacral vertebra in five. Lumbosacral articular facets were in the 
sagittal plane in eleven, — four on the right, two on the left, and five 
bilateral. 

Comparing these figures as far as possible with those obtained bj'" the 
author from examination of 748 skeletons in the Hamann Museum, with 
Badglej^’s study of 447 patients who had low-back and sciatic pain, M'ith 
the 538 control subjects of Hodges and Peck not presenting this sjmdrome, 
and with Williams’ report of 400 patients Avith loAA'-back and sciatic pain. 
Table I has been constructed. 

It is found that onty 56 per cent, of our small series A\'ere free from 
anomalies as compared to 72.9 per cent, of Badglej’-’s. In the skelefa 
material onlj^ the transverse processes that actuall}’’ impinged or aiticu 
lated with the sacrum or ilium Avere recorded. There AA^ere 6.68 pei cent, 
of these as compared AAuth 25.3 per cent, in our series, 9.7 pei cent, in 
Badgley’s, 15.7 per cent, of Williams’ and 14.3 per cent, of Hodges and 

Peck’s controls. , 

The greatest diAmigenee in the different series occurred in lespec 
the incidence of narroAA'ing of interAmrtebral discs. The author 
onty 7.6 per cent. AAdiile Badgle3^ found 57.2 per cent, and Williams / • ^ 
per cent, in their patients AAuth backache. Hodges and Peck foun 
per cent, in their control patients. The author cannot account oi 
great difference. Badglej^ and Hodges and Peck classified a c is • - 
narroAA' if it AA-ere not more than one-half the thickness of the nex pre 

sorgera' 
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ing one. 'Williams did not state the criterion upon which he based his 
diagnosis of narrowing. It was impossible of course to obtain this data 
from skeletal material, but Todd and P 3 de, in measuring the discs in a 
scries of cadavera found that the lumbosacral discs averaged about two 
millimeters more at the anterior borders than the discs next above. 

Tlic latci-al neural arch defect was diagnosed about 1 to 3 per cent, 
more froquentl.v in painful backs than in the dissecting-room material, 
except that in Williams’ group of patients with painful backs it was 
diagnosed in 2 per cent, fewer. Diagnosis of this defect in a living patient 
is difficult and is much more apt to be overlooked than in a macerated 
skeleton. 

Spina bifida occulta was present in seven or 8.8 per cent, of the au- 
thor’s patients, two in the last lumbar and five in the first sacral segments; 
and in 10.8 per cent, of those of BadglejL In the skeletal subjects it was 
found in the last lumbar in 1.2 per cent. Its incidence in the fii’st sacral 
was not noted. This defect is easil.y diagnosed and the difference of inci- 
dence in skeletons, and normal and painful backs is apparentl}'- not great. 

In eleven, or 13.9 percent, of this series, and 21.9 percent, of Badgle 5 "’s, 
the lumbosacral articular facets were in the sagittal plane or othenvise 
asj'mmetrical. Unfortunate^ these were not included in the classifica- 
tion of skeleton variations. 

There are certain discrepancies in the classifications of these groups 
of patients that affect their comparison. Badglej'^ included in his group 
patients in whom there were pathological lesions to account for the S 3 '’mp- 
toms. Hodges and Peck state that of their 538 controls 353 had backache 
but no referred pain. It is of course possible that the referred pain had 
merel 3 f not 3 '’et developed. Inclusion of these individuals (65 per cent, of 
their controls) affects their data to start with. Also an indefinite number of 
the skeletal museum subjects ma 3 '^ have had backache with referred pain 
while alive. 

Allowing for these differences in classification, there is still a greater 
incidence of anomalies in painful backs than in those free from s 3 ^mptoms 
or in the run of dissecting-room cadavera. The greatest variation in the 
respective series is in the incidence of narroiv lumbosacral intervertebral 
discs, but since those of congenital origin cannot, or at least have not, been 
differentiated from those of pathological origin, an intelligent appraisal of 
their etiological relation to backache and referred pain is difficult. 
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XEURO-AN ATOMICAL AND PHYSIOLOGICAL ASPECTS AND 
SIGNIFICANCE OF SCIATICA 


BY WINCHKLB MrK. CRAIG, M.D., AND MAURICE N. AVALSH, M.D., 
ROCHESTER, MINNESOTA 

From the Section on NenroHiiidenj a/id the Section on Neurology, The Mayo Clinic 

Sciatica, an inclusive term wliieh is used to describe a painful discom- 
fort along the posterior aspect of tlie hip, thigh, and leg, has since ancient 
times baffled physicians in the matter of diagnosis and treatment. The 
numerous methods of treatment which liave been heralded down through the 
ages as successful testify to the difficulties encountered in finding a thera- 
peutic agent for this condition, which is permanent in effect. One of the 
reasons for such difficulties is the fact that the sciatic nerve is the longest 
neiA'c in the body, and, therefore, subjected to trauma and infection 
throughout its entire length. 

The anatomical de\"elopment of the lower extremities and the innerva- 
tion of them was described bj" Stookej'' as follows: 

“The morphological segmental arrangement, such as is found in the 
trunk musculature, is replaced in the extremities b}" a pleurisegmental 
arrangement, so that each muscle is innervated b}" nerves from several seg- 
ments, thus necessitating the development of plexuses. . . . 

“The formation of the limb plexuses and the distribution of their 
branches maj’- be best understood b}*- considering the development of the 
extremities, for in the development is found the explanation of the division 
of the spinal nerves into ventral and dorsal branches and, in genei’al, their 
ultimate muscular distribution. 

“In the human embiyo the limb buds appear at about the third week. 
The cephalad pair lie opposite the lower four cervical and first thoracic 
vertebrae and the caudad pair opposite the loAver lumbar and the first 
sacral. . . . Only the A^entral primary division of the spinal nerves enter 
into the inneiA-ation of the limb bud approximatelj^ five for the upper ex- 
tremity and seven for the loAver, thus indicating that the limb buds are the 
outgrowth from a number of segments and are more closely associated with 
the ventral than with the dorsal surface of the bod3'-, since the A^entral and 
not the dorsal primaiA'- divisions of the spinal nerves are associated with 
them. ...” 

“In the deA'^elopment of the loAver extremitj'^ torsion and rotation of the 
femur, . . . take place ... so that its preaxial border is turned medial 
and cephalad, its postaxial, lateral and caudad. Thus the dorsal or e.x- 
tensor musculature comes to lie A'^entral, and the A’^entral or fle.xor muscu- 
lature, dorsal. . . . From an embiyological standpoint it follows then 
that the primitiA^e dorsal musculature, though rotated A’entrall.v, should 
be innervated b.v the dorsal divisions of the lumbosacral plexus, and the 
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primitive ventral musculature, though rotated dorsally, the ventral 
divisions.” 

Woltman has stressed the point that almost no type of pain is patho- 
gnomonic, but that a given disease may be accompanied bj’^ many kinds of 
pain, and that, although pain may be the only symptom manifested, much 
maj'’ be learned by the physician if he ivill inquire about the mode of onset, 
duration, and intensity of the pain. Pain is a subjective complaint, some- 
thing that cannot be seen and cannot be palpated, and necessitates cautious 
interpretation of what the patient has to tell. 

Pain, occurring in the distribution of the sciatic nerve, maj^ be caused 
by a lesion of the spinal cord or nerve roots (especially from the fourth lum- 
bar to the second and third sacral segments from which the sciatic nerve and 
its components are derived), b3'' affections of the lumbosacral plexus, or by 
lesions of the sciatic nerve itself. 

Pain which is more or less limited to the sciatic distribution has been 


observed to accompan}^ lesions of the lumbar, thoracic, or even cervical por- 
tions of the spinal cord. 

Pain caused b3>- intramedullarj'- lesions of the spinal cord usually can 
be distinguished from that caused bj'- irritation of the posterior nerve roots 
and ganglia. The so-called central pains of this type are usually produced 
bj'- irritation of the spinothalamic pathwaj’^s. Central pain caused by lesions 
of the thalamus usually is not difficult to distinguish from that caused by 


lesions of the cord and is not definitely sciatic in nature. Such pain is rare. 
It is of a peculiar, irritating nature, and the patient is often unable to local- 
ize the pain accurately although it is usuallj'' felt in the arm and leg opposite 
the lesion. Such pain is often accompanied by dj’^saesthesia of a burning, 
boring nature. Head and Holmes believe that such pain is caused by 
the removal of the inhibitory control which the cerebral cortex normally 
exerts on the subcortical centers concerned with the perception of this form 
of sensation. Pain of central origin referable to lesions of the spinal cord 
is uncommon. When it occurs, however, it may be of a peculiar, agonizing 
t3'’pe which is sometimes described as “aching, breaking, or piercing and 
which is accompanied bj'’ dj'^saesthesia and various disagreeable sensations 
such as a sense of “burning” elicited by pinpricking and “vibratoiy elec- 
tric-light sensation” produced b3'’ thermal or tactile stimuli. Tlieie is 
usualty marked loss in the various forms of sensation below the level of t le 
lesion, together with h3'’peractivity of the tendon reflexes with the occui 
rence of p3U’amidal tract signs below the level of the lesion. In the cenica 
or lumbar region there is a loss of tendon reflexes if the lesion occui s in 
segments which mediate tendon reflexes from the extremities, such as t le ce ^ 
vical or lumbar enlargements of the spinal cord. The pain of ceiiti a csio^^ 
usually is not affected by coughing and sneezing and is mrely wor.se at mg i • 
There ma3^ be local tenderness to percussion at the site of the ^ 

Since a large number of patients suffering from sciatic pain 
lesions involving the nerve roots which compose the can a T-,j] 

accurate knowledge of the anatomical aspects of this structure is c.^- 
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Anatomically, the spi- 
nal cord usually ter- 
minates opposite the 
intervertebral dise be- 
low the first lumbar 
vertebra. The nerve 
roots forming the cauda 
equina (Fig. 1) consist 
of those which arise 
from the lumbar and 
sacral regions of the 
spinal cord, descend in 
the subarachnoid space 
intradurall.v, and arc 
freely mo\’able except 
as they approach their 
exits, where they are 
fixed. Thus it is that 
intra.spinal lesions can 
displace and impinge 
on nerve roots without 
causing any motor, sen- 
soiy, or reflex changes, 
and can produce the 
objective S3’^mptom of 
pain. It is a well- 
known fact that the 
pain of caudal tumors 
masquerades as low- 
back and sciatic pain 
for months and .years 
before the tumor pro- 
duces an}^ objective neu- 
rological signs, and for 
the same reason pro- 
truded intervertebral 
discs and h.ypertrophied 
ligaments can produce 
pressure on nerve roots 
without producing anj"^ 



Fig. 1 


Anatomical aspects of tlie lumbosacral region of the 
spinal cord witli the dura open to show the relationships 
of the nerves to the conus medullaris. 


sjmiptom except pain. 

Intraspinal lesions of the fourth and fifth lumbar or the first and 
second sacral nerve roots immediatelj’^ after their emergence from the cord. 


during their course as part of the cauda equina, or in the neighborhood of 
the intervertebral foramina, conimouh’^ produce sciatic pain. Lesions 


involving or compressing these nerve roots give rise to the t.vpe of pain 
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known as "radicular pain”. This t3’-pe of pain usualty is sharp, rarely 
aching or burning, and is often exacerbated b3^ coughing, sneezing, or 
sharp flexion of the head on the chest. It tends to be worse at night, a 
fact which is presumably due to elongation of the spinal column while the 
patient is in the supine position, with resulting traction on the nerve roots. 
It is commonly accompanied by local tenderness to percussion over the 
region of the spinal column at the level of the lesion, muscular weakness, 
reflex changes or paraesthesia. Sensoiy changes, should more than one 
nerve root be involved, ma3'' be found, the dermatome or dermatomes 
affected depending on the nerve roots which are compressed. It should 
be emphasized, however, that all the above features need not be present to 
permit the diagnosis of radicular pain. In fact, it is rather rare for one 
patient suffering from radicular pain to demonstrate all these character- 
istics. 


Since the spinal cord comes to an end opposite the intervertebral disc 
of the first lumbar vertebra, the lumbar and sacral nerve roots which com- 
pose the sciatic nerve arise oppo.site the twelfth thoracic and first lumbar 
vertebrae. Thus, extramedullaiy lesions at this level may produce 
sciatic pain of radicular t3'^pe, and this is probably the highest level at 
which it can be obtained. Lesions at this level, however, are very likely 
eai’b’’ to involve the centers for control of the sphincter muscles, since the 
paras3'’mpathetic nerve suppl3'’ for the urinaiy bladder and sphincters 
arises from the second and third sacral segments of the cord and the S3"m- 
pathetic nerve suppb’’ arises from the second to fifth lumbar segments, 
whereas the first to the third sacral segments mediate the control of the 
rectal sphincters, as well as the genital muscular system. 

The recent work of Suh and Alexander on the blood supply of the 


spinal cord tends to indicate that the lumbar radicular vessels are impor- 
tant sources of blood suppb^ for the major part of the spinal cord, whereas 
the middle thoracic section of the spinal cord has the poorest segmental 


circulation. This is of interest, since m3''elitic processes are more common 
in the latter situation. Suh and Alexander wrote, "the blood suppl.v of 
the human spinal cord depends on from six to eight anterior radicu a) 
arteries, from five to eight posterior radicular arteries, from six to elc\ en 
anterior radicular veins and from five to ten posterior radicular veins, t le 
largest alwa3^s being an artery and vein in the lumbar region, the arteiia 
and the vena radicularis magna.” The arterial supph'' for the 
part of the spinal cord usualb’’ is accompanied b3'’ the second anc t in 
lumbar nerve roots, and the regions of the cord, dorsal and \entia 


this, are supplied b3^ these arterial vessels. ^ 

Because of the anatomical relationships, lesions of the 
comprising the cauda equina offer special problems in diagnosis. ^ ^ 
lesions involving the spinal cord itself tend to produce shaip 3 oca 
segmental sensoiy, motor, and reflex changes, lliis is frequent 3 ^ 
case when lesions involving the nerve roots in the cauda equina aie p 
The roots are freeb' movable and small le.sions in the spina ca 
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cause no symptoms. The lesion may iin’olve several nerve roots, a cir- 
cumstance which confuses accurate localization. The pleurisegmental 
iicrvc supply to the musclc.s of the lower extremities and the tendon re- 
flexes mediated by more than one segment of the spinal cord increase the 
difficulty. 

One of the basic concepts in the ph.ysiolog.y of the bi’ain and spinal 
cord is that the central ncrvoiLs system is organized in terms of movement 
patterns rather than in anatomical .segments. Sherrington wrote 
“The simplest spinal reflex, as Hughlings .Jackson was wont to insist, 
‘thinks,’ ... in movements, not in muscles.” Thus, when the foot of 
an animal whose brain has been destroyed is pinched, the resulting reflex 
is not restricted to muscles of the dermatome involved; rather, a with- 
drawal of the whole limb occurs. Theoreticallj^, a segmental spinal 
reflex involves two elements, an afferent neuron and a motor unit. In 
most cases, however, the connections of the afferent neurons are such that 
each ma3' excite motor units of several spinal segments through so-called 
internuncial neurons, to produce patterns of movement rather than con- 
tractions of specific muscles. The patellar reflex involves the second, 
third, and fourth lumbar nerves, and the corresponding segments in the 
spinal cord; the Achilles and internal hamstring reflexes, the fourth and 
fifth lumbar, and the first and second sacral nerves and segments, whereas 
the external hamstring reflex is mediated b}'- the first, second, and third 
sacral nerves and segments. 

The distribution in the skin of the spinal nerves forms well-defined, 
although overlapping, areas known as “dermatomes”. Sherrington 
pointed out that the field of each sensoiy root overlaps those of adjacent 
roots, and that section of a single root does not result in any degree of 
anaesthesia. He also pointed out that although in the plexuses associated 
with the innervation of the extremities each segmental nerve contributes 
sensoiy fibers to two or more peripheral nerves, the cutaneous distribution 
of these fibers is not composed of disjointed patches but forms a con- 
tinuous field. 

Foerster, working with patients, was able to verifj'' and extend the 
work of Sherrington. He defined the dermatomes bj’’ outlining the 
borders of the sensibilit}" remaining after a large number of contiguous 
posterior nerve roots were divided and after a single root in the middle 
was left intact. In addition, faradic stimulation of a distal part of a di- 
vided posterior neri^e root was carried out, producing vasodilatation in 
the corresponding dermatome. Foerster and others believe such vasodila- 
tation is due to the fact that the posterior roots cany efferent fibers and 
that stimulation of these fibers causes vasodilatation. 

Foerster demonstrated that no regions of anaesthesia are found unless 
two or more segments are ph3’'siologicall3'' incapacitated. He further 
showed that lesions producing isolated segmental anaesthesia with intact 
segments above and beloiv are rare, but that when the3' are present, the3’’ 
help to localize the lesion. 
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Therefore, it is readily seen why accurate localization of lesions in 
the cauda equina is extremely difficult and even, in many cases, impossible; 
especially is this ti-ue when posterior jirotrusions of the intervertebral 
discs produce the clinical picture of tumors of the cauda equina. At 
present, contrast media are usually employed to localize the lesion accu- 
rately. As knowledge of the s.yndrome has increased, however, it has 
been possible to diagnose and localize more or less accurately certain in- 
stances of protrusion of interve tebral discs, so that direct exploration is 
possible. Because more than 90 per cent, of instances of protruded discs 
occur at the foui'th and fifth lumbar interspaces, it should be possible to 
predict the situation of the lesion among patients who have the typical 
sjmdrome of pi'ot 2 'udod intervertebral di.se. Spurling and Grantham 
have recently stated that they were able to localize accuratelj’’ posterior 
protrusion of a disc in the lumbar region to the exact intervertebral space 
in fully 50 per cent, of cases.* They give the following criteria for localiza- 
tion of the protrusions to the third, fourth, and fifth interspaces: At the 
third lumbar interspace there was found “disability of the lower part of 
the back, with local tenderness at the third lumbar spine and reduction of 
lumbar lordosis,” associated with “positive Lashgue test” and “positive 
Naffziger test, producing paraesthe.sias in the fourth and fifth lumbar 
dermatomes”. There was “reduction or absence of the knee jerk; ankle 
jerk unchanged”, and “ hypaesthesia and paraesthesias in the fourth and 
fifth lumbar dermatomes”. At the fourth lumbar intei'space there was 
“disability of the lower part of the back with stiffness of the lumbar por- 
tion of the spine and localized tendcrnc.ss at the level of the fourth lamina, 
with reduction of lumbar lordosis” and “positive Lasbgue test” with 
“positive Naffziger test with jiaraesthesias involving the fifth lumbar, the 
first sacral and perhaps the .second sacral dei’inatomes”. The ankle and 
knee jerks were uninvolved. “Hypaesthesia and paraesthesias [weie 
found’ in the fifth lumbar and first sacral dermatomes.” At the fifth 
lumbar interspace thei'c was “disability of the loiver part of the back wit 
absence of lumbar lordosis and localized tenderness to pressure ovei t le 
fifth lumbar vertebrae”, and “positive Lasegue test” as well as positive 
Naffziger test, producing paraesthesias radiating into the first and secon 
sacral dermatomes”. There was diminution or absence of ankle jei c an 
“hypaesthesia involving the first and second sacral dermatomes ■ 

However, Spurling and Grantham had only one patient su eimg 
from a protrusion (“ruptured intervertebral disk with herniation o i® 
nucleus pulposus”) at the third interspace; thirty-nine with 
at the fourth and fifty-one, at the fifth interspaces. The authois ^ 
ence does not coincide with Spurling’s in this regard. Theii lesu 


* It may be noted here that Spurling and Grantham^ prefer 1'^® ‘ ygn^oPsuch a 

intervertebral disk” to “protruded intervertebral disk. annulus fibrosus 

preference is: “In order for the disk to produce symptoms we be i , through th® 

must have been ruptured or torn, and, if the nucleus pulposu i e-xtruded, 

tear, a certain group of symptoms will usually appear; if the nucleus is 
however, another set of symptoms will be encountered. 
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Fig. 2 

Results of tests for the presence or absence of reflexes, and also for diminished 
reflexes, in 449 instances of protrusion of a single intervertebral disc. 

careful studj'^ of the reflexes in 449 protrusions of single discs in the lumbar 
region (out of a complete series of 500 protrusions, both single and multi- 
ple) may be found in Figure 2. 

It tvill be noticed that in 68 per cent, of patients with protrusions at 
the fifth interspace, 37 per cent, of those with protrusions at the fourth in- 
terspace, and 52 per cent, of those with protrusions at the third interspace, 
the Achilles reflex was either absent or diminished. Similarly confusing 
observations have been noted concerning the hamstring and patellar re- 
flexes. Here it was found that 21 per cent, of the protrusions of discs at 
the fifth interspace, 57 per cent, of those at the fourth interspace, and 28 
per cent, of those at the third interspace are accompanied b}'^ no reflex or 
sensor}^ findings whatever. (These latter figures are not depicted in this 
study.) It is thus obvious that diminution of the Achilles reflex is more 
common in protrusions of the fifth interspace, and that the patellar reflex 
is more frequently involved in protrusions occurring at the third inter- 
space. However, in view of the large number of patients whose condition 
does not fit into the scheme proposed by Spurling, its value for practical 
diagnosis may be questioned. 

It is important to remember that involvement of one nerve root alone 
cannot be expected to produce sensory changes, and that consequent!}'’, onl}' 
those lesions which involve two or more nerve roots will produce a loss of 
sensation. Spurling stated, however, that paraesthesia maj' be the result of 
involvement of one nerve root alone. In the authors' entire series of 500 
cases of both single and multiple protrusions of the intervertebral disc, 50 
per cent, of the patients noted paraesthesia, but only 22 per cent, had 
sensory loss. Careful study of the dermatomes involved in the sensor}' 
loss demonstrated that there was little if any difference between pro- 
trusions of single discs at the third, fourth, and fifth interspaces, with the 
fifth lumbar and first sacral, the most commonly involved dermatomes. 

Jung and Brunschwig, and others reported no evidence of sensory 
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TABLE 1 


Comparative Symptoms in 285 Cases* of Protruded Intervertebral Disc and 154 
Cases of Intraspinal Tumor, for Differential Diagnosis 


S3'mptoms 

Protruded 

Intervertebral 

Disc 

(285 Cases) 

Intraspinal 
Tumor 
(154 Cases) 

Cases 

Per cent. 



Unilateral sciatic pain 

215 

75 

58 

B 

Bilateral sciatic pain 

42 

15 

36 

23 

Low-back pain 

271 

95 

65 

42 

Nocturnal pain j 

Cl 

21 i 

73 

47 

Sphincteric incontinence 

14 

5 

51 

33 

LasSgue’s sign present 

231 

81 

22 

14 

Achilles reflex diminished or absent 

171 

1 

60 

36 

23 

Hamstring reflexes diminished or absent 

51 

IS 

42 

27 

Muscle paresis 

63 

22 

65 

42 

Muscle atroply 

5 

2 

39 

25 

Sensory loss 

62 

22 

98 

64 


* These 285 cases represent those in which sensory changes were presen^t. They are 
lart of the complete series of 500 cases of single and multiple protrusion of the interverie- 
)ral disc in the lumbar region, mentioned in the text. 


nerve suiiplj’- to the intcn^ertebral disc, although the jiosterior longitudi- 
nal ligament was well supplied with sensory nerves. The innervation o 
the annulus fibrosus and the ] 30 sterior longitudinal ligament has been le 
centlj^ restudied carefully by Roofe, who found that each of the spina 
nerves gives rise to a recurrent branch just distal to the posteiioi lOO 
ganglion which reenters the intervertebral foramen and supplies t e 
ligamentous structures two vertebrae lower than the exit of the 
nerve (Fig. 3-A). The profuse supply of sensory nerve endings m the 
annulus fibrosus and the posterior longitudinal ligament may accoun o 
some of the heretofore unexplained painful sj'^mptoms in cases in w nc i 
compression is limited to the lower lumbar and lumbosacial legions, a 
in which a tear of the annulus fibrosus has led to herniation of t le m 
vertebral disc. It is possible that this observation also may exp 
occasional puzzling observation of sensoiy changes in a j 

higher than the level at which protrusion of the disc or the tumoi 


operation occurred. , 

At the fourth intervertebral space, the fifth lumbai neive i 
the subarachnoid space fixed laterally against the duia, ^ 
emerges below the level of the fourth lumbar intei space. 
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bcnoatli the iicdiclc of the fiftli lumbar vcrtebi'a through the intervertebral 
foramen. All the lumbar nerve roots and their respective discs, except 
the first sacral nerve which separates from the dural sac above the 
lumbosacral disc, bear this same relationship. Thus it might be expected 
that posterior protrusion of the fourth intervertebral disc most commonly 
might involve the fifth nerve root, whereas protrusion of the fifth inter- 
space might involve the first sacral nerve root. However, in this series of 
cases it has been observed not infrequentl}’’ that lateral protrusion of the 
fifth interspace ma.y compress the fifth nerve root, and those disc protru- 
sions at the fourth interspace, the fourth nerve root; whereas a large 
posterior protrusion of a disc, particularlj’- a midline protrusion, may 
compress several or even all nerve roots in the cauda equina, confusing any 
attempt at accurate localization of the lesion b}^ clinical means alone. 

A differential diagnosis between a tumor of the cauda equina and 
protruded intervertebral disc is sometimes veiy difficult. The marked 
tendenc.y toward intermittency of S 3 ^mptoms (84 per cent, in the entire 
series of 500 cases) caused bj'^ protruded discs, as contrasted with tumors 
in this region of which the sj^ptoms are more often steadilj'' progressive, 
ma.A’’ be confusing, especiallj’’ when coupled with the fact that 26 per cent, 
of the patients in the series had no reflex or sensoiy changes. In com- 
paring the clinical changes occurring in cases of protruded intervertebral 
disc and intraspinal tumor, onl}’' 285 cases were analj^zed in the complete 
series of 500 cases of single and multiple protrusion of intervertebral discs 
(Table I). These 285 are cases in which sensory changes occurred. The 
sj’-mptoms the.y produced are compared in Table I with symptoms pro- 
duced in 154 cases of intraspinal tumor. In view of the present increased 
knowledge of the s,yndrome of protruded disc, however, it would be possi- 
ble to explore the fourth and fifth lumbar interspaces directl}'’, and avoid 
the use of a contrast medium, but the investigator should alwa 3 '^s keep in 
mind the fact that posterior protrusions of discs ma 3 '’ occur rarel 3 '^ in the 
third, second, or first interspace, that multiple protrusion of discs may 
occur, and that removal of only part of the cause for the patient’s S 3 ’’mp- 
toms cannot be expected to give S 3 '^mptomatic relief (Table I). 

Patients who have low-back and sciatic pain ma 3 '' have no demon- 
strable lesion involving the intraspinal structures, the nerve roots, or 
peripheral nerves. Certain of these patients will have lesions so small 
and undeveloped that objective evidence of their presence or a clinical 
picture t 3 ^pical enough to permit their diagnosis on the basis of the histoiy 
alone will be lacking. In addition to these, there is anothei’ group of pa- 
tients who complain of sciatic pain and pain in the buttock, leg, and thigh, 
but in whom no organic cause for such pain is apparent. Such pain has 
been accepted as being referred from some adjacent or even remote patho- 
logical process. 

Head wrote, "... where a painful stimulus is applied to a part of 
low sensibilit 3 ^ in close central connection with a part of much greater 
sensibilit 3 " the pain produced is felt in the part of higher .^ensibilitA' rather 
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Fig, 3-A 

Innervation of tlie intraspinal ligaments (after Spurling and Roofe). 


than in the part of lower sensibility to which the stimulus was actually 
applied”. 

Referred pain is of common occurrence in the presence of intrathoracic 
and intra-abdominal disease, — ^for e.xample, the pain felt in the left arm 
caused b5r coronary occlusion, the pain referred to the angle of the left 
scapula and produced by irritation of the center of the diaphragm, an 
the referred pain felt in the abdominal wall, referable to irritation of t le 
peripheiy of the diaphragm. The explanation for such referred pain is 


not entirely satisfactoiy. . , 

It was thought by Mackenzie that sensory manifestations of 
disease localized in somatic regions are reflex in nature. These, e 
designated “viscerosensory” reflexes and explained them on the 
hyperirritability in the corresponding segments of the spinal coid le eia 
to exaggerated visceral stimulation. This irritation of a visceia 
sets up an exaggerated flow of nerve impulses which enter the coiiespo 
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Fig. 3-B 

S 3 'mpathetic innervation of the intraspinal ligaments (after Toldt). 


ing segments of the spinal cord. These in turn give rise to an “irritable 
focus” in which the threshold of stimulation is so reduced that the normal 
impulses arising in the skin, muscles, and other peripheral structures 
produce painful sensations referred to the peripheiy in the somatic seg- 
ments in question. Both the somatic pain or hj^peralgesia and the mus- 
cular rigidit}" associated with visceral disease, according to Mackenzie’s 
theoiy, are expressions of h3^perirritabi]ity in the spinal cord, the pain or 
hj’-peralgesia being produced by exaggerated viscerosensoiy reflexes; the 
muscular rigiditjq b}" exaggerated visceromotor reflexes. 

Szemzo advanced the theoiy that visceral afferent fibers, in part, 
terminate in the posterior cell column in' the spinal cord in neurons related 
to the spinothalamic sj^stem, and that the hyperirritability of these cells, 
bj'’ reason of excessive visceral stimulation, explains the phenomenon of 
somatic hj'^peralgesia in the presence of visceral disease. 

The importance of impulses arising at the peripherj’- in the phenome- 
non of referred pain is emphasized bj" the results of clinical and experimen- 
tal studj'^ reported bj'^ Weiss and Davis. In twent3'-fiA"e patients who 
e.xperienced well-marked and definite^’- localized referred pains caused b3" 
visceral diseases, including angina pectoris, pleuritis (pneumonia), 
carcinoma of the oesophagus, gastric ulcer, cholec3’stitis, nephrolithiasis. 
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acute appendicitis, salpingitis, and pj^elitis, the pain was either greatly 
alleviated or completely abolished by infiltration of the painful cutaneous 
regions with a 2-per-cent, solution of procaine hj^drochloride. Referred 
pain induced experimentally in two normal human subjects by distention 
of a segment of the duodenum or the lower portion of the oesophagus by 
means of a rubber balloon was abolished in the same manner. These 
observations have been confirmed by Morlcy, and Rudolf and Smith. 
Woollard and Roberts, on the other hand, failed to abolish referred pain 
induced bj'' irritation of the diaphragm, when they anae.sthetized the 
corresponding cutaneous i-egion. 

Weiss and Davis explained their results on the basis of Mackenzie’s 
theoiy of referred jiain, — for example, segments of the spinal cord were 
rendered hyperirritable by abnormal visceral stimulation, and the normal 
afferent impulses from the skin entering these segments of the spinal cord 
ga^m rise to pain. The cutaneous region in which the referred pain is 
localized does not include the entire region supplied by afferent fibers 
entering the spinal segments wliich, accoi’ding to Mackenzie's theoiy, are 
supposed to be hyperirritable. In view of this, the abolition of referred 
pain by means of anaesthesia of the localized cutaneous region can be 
explained more satisfactorib’- on the assumption that the pain is caused by 
overstimulation of the peripheral receptors by conditions produced re- 
flex^i^ at the periphery, the afferent impulses entering the spinal cord from 
the diseased or irritated viscus or the tissue adjacent to it. This view is 
supported by Davis and Pollock, who found that efferent stimulation of 
the sj'-m pathetic nerves extending into the head gave rise to pain by reason 
of the effect of the peripheral response to such stimulation on sensory end 
organs (Fig. 3-B). 

The reflex arcs, through wdiich the peripheral vasomotor and pilomotor 
reactions are mediated, comprise a general visceral afferent or a somatic 
afferent neuron, through wdiich afferent impulses are conducted from the 
site of the lesion, or the irritable tissue adjacent to it, to the spinal coid. 
A visceral efferent neuron, situated in the intermediolateral cell column, 
and a sympathetic neuron, situated in the corresponding ganglion of the 
sympathetic trunk, conduct efferent impulses to the smooth muscle m 
question. In so far as cutaneous impulses arc a factor in the production o 
referred pain, they are conducted by the pain-conducting fibers distiibute 
to the skin and cutaneous blood vessels. 

That all the nerve I’eactions involved in the referred 
manifestations of visceral disease are facilitated by the bj'^peiirnta n y 
of the centers in the spinal cord produced by the exaggerated 
stimulation seems probable. The degree of hyperirritability 
in the spinal cord, furthermore, may be a determining factor in t le in 
sity of both the direct visceral pain and the I’eferred pain. ^ 

Since the joints, ligaments, muscles, and tendons of the 
of the back are subjected to unusual strain, a study of their mneiv 
has been made wdth the idea of attempting to learn in w ic regi 
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referred from lesions of these structures might be expected to occur. 
Pitkin and Pheasant pointed out that dissections bj'- Riidinger and 
Smith-Petersen demonstrated the nerve suppl}'- of the sacro-iliac and 
sacrolumbar articulations and their accessory ligaments, and concluded 
that referred pain from these regions, spoken of by them as "telalgia”, 
affects the gluteal or sacral region (or both) and that it may affect an}?- 
part or all parts of the lower extremities and genito-inguinal regions ex- 
cept the internal crural and plantar regions. 

Badgle}' emjihasized the possibilit3’^ that low-back pain with extension 
into the leg might be caused bj"- a mechanism essentiallj'^ produced by 
reference from a primaiy lesion, situated in the lumbar, lumbosacral, or 
sacro-iliac regions which was muscular, articular, or skeletal in origin. 

Steindler called attention to the fact that spinal nerves are grouped 
into anterior and posterior primaiy divisions. The anterior divisions 
make up largelj’’ the cervical and lumbosacral plexuses, and lesions affecting 
these anterior divisions give rise to the well-known syndrome of radicular 
pain. He wrote of patients suffering from this type of referred pain as 
having the "posterior s3mdrome”. It is diagnosed by the finding of 
tender points over the site of the lesion. Injection of these tender points 
with procaine hydrochloride, according to Steindler, produced important 
diagnostic information. 

According to Steindler, Purkinje and von Luschka described the ner- 
vus sinuvertebralis which receives a ivhite ramus from the common trunk 
and a gra 3 '’ ramus from the S 3 ''mpathetic chain just outside the interver- 
tebral foramina and which turns back into the intervertebral canal, supply- 
ing the neck and head of the rib, the pedicles and the interior of the bodies 
of the vertebrae, the loose areolar perimeningeal tissue, and the periosteum. 
Von Luschka believed that the3'^ transmit the sensation of spinal irritation, 
paraesthesia, chilling, and sensations of heat from the spinal column. 
Steindler has suggested, on this basis, that reflex pain ma3'- be referable to 
lesions situated in the intervertebral canal rather than to direct compres- 
sion of nerve roots. 

Ober has emphasized the possible contracture of the fascia lata in the 
causation of sciatic pain, and has recommended fasciotomy for its relief. 
He did not mention, however, an3'- mechanism b3’- means of which it was 
produced, although it has been suggested that in this S 3 mdrome there is a 
referred pain of the type mentioned previous^L 

Macey has recentb^ called attention to the role of disease of the intra- 
spinous ligaments in the production of low-back pain, and definite disease 
of the intraspinous ligament has been demonstrated on biops3L Relief of 
the pain which follows injection of procaine h3’-drochloride into the in- 
volved ligaments has been utilized as a diagnostic sign. 

With these and a few other exceptions, however, pathological proof of 
lesions situated in the fascia, muscles, and joints usualb' is lacking. It is 
extremeb'- probable that referred pains do occur in the lower extremity, 
but it is difficult to estimate their frequenc3’- in the light of present knowl- 
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Tig. 4 

Lumbosacral nerves from wliicli tlic sciatic nerve is 
derived. 


edge. An intraspinal 
lesion should be elimi- 
nated before the ph^^si- 
cian concludes that the 
patient’s pain is re- 
ferred from some dis- 
tant focus. The struc- 
tures of the lower part 
of the back probably are 
subjected to more stress 
and strain than those 
of an.y other region of 
the human spinal col- 
umn. However, if pain 
referred from ligaments 
and joints of the spinal 
column were of extreme 
frequcnc 3 b it might be 
expected that such pain 
would occur in the cer- 
vical and thoracic re- 
gions, and that it would 
be rcfeircd down the 
nerves of the arms and 
around the thorax and 
abdominal walls. As 
a matter of fact, in our 
experience the produc- 
tion of pain of this type 
in the arms, thorax, 
and abdomen, which is 


sufBeientlj^ localized to be confused with pain caused by radicular nn f'' ^ 
in these regions, is extremefv rare if it occurs at all. ^ . • K- 

Lesions of the nerve roots in the intei’Amrtebral foramina are le 
tixmlj^ uncommon. Involvement of these structures by lac 
vertebral laminae, bj'' hj'^pertrophic osteitis of the laminae, or 3 
spondjdolisthesis rarelj^ occurs. It should be emphasized, 
the intervertebral foramina through xvhich the nerxm roots pass m 
the spinal cord are, under most circumstairces, amply large or ^ 

sage. Diagnosis of such lesions as those mentioned in t is 
however, is -dependent on roentgenographic demonstration o 
lesion plus neurological evidence of involvement of one or moie 

The occurrence of referred pain in patients Avho rave P , 
conditions of the intervertebral articulations has bj' 

Steindler by calling attention to the nervus smuvertebralis aes 
Purkinje in 1846 and by von Luschka in 1850. 
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After leaving the intervertebral foramina, the lumbar, sacral, and 
coccygeal nerves, in common with most spinal nerves, are grouped into 
antei’ior and posterior primaiy divisions. The lumbosacral plexus is 
formed bj' the union of the anterior primary divisions of the lumbar, 
sacral, and coccygeal nerves. In their relationship to sciatic pain, the 
lumbar and sacral plexuses will be considered separatel}^ It should be 
added that sciatic pain is rarely produced b}-- lesions of the lumbar plexus; 
it is, however, not infrequently produced b}"- lesions of the sacral plexus. 
The nerves which suppl,y the lower extremit\^ have their origin in the 
lumbosaeral plexus. The components are distributed to the lower ex- 
tremities in a manner homologous and similar to the distribution of the 
brachial plexus to the upper extremities; the lumbar nerves are distributed 
similarly to the nerves formed from the anterior (medial and lateral) cords 
of the brachial plexus, and the sacral nerves are distributed in a manner 
similar to the distribution of the nerves from the posterior cord of the 
brachial plexus. 

The anterior primaiy divisions of the first three lumbar nerves and 
the greater part of the fourth lumbar nerve form the lumbar plexus, which 
is situated on the posterior part of the psoas major muscle in front of the 
transverse processes of the lumbar vertebrae. Because of its situation, 
the lumbar plexus may be involved bj”- tumors of the vertebrae or the re- 
troperitoneal lymph nodes, psoas abscesses, or bullet wounds. Lesions of 
the lumbar plexus maj^ be diagnosed bj'' involvement of the nerve roots 
making up the plexus or the nerves which take origin from it, plus roent- 
genographic or other evidence of involvement in this region. 

The sacral plexuses are formed by the lumbosacral trunk from the 
fourth and fifth lumbar nerves and the anterior divisions of the first, 
second, and third sacral nerves (Fig. 4). The sacral plexus lies, in 90 per 
cent, of cases, on the anterior surface of the piriformis muscle, and in 10 
per cent, of cases it lies within the muscle. The sacral plexus lies behind 
the pelvic fascia and the branches of the hj^pogastric arteiy. It is also 
dorsal to coils of intestine, with the sigmoid portion of the colon in front of 
the left plexus and the lower part of the ileum in front of the right plexus. 

When the fibers of the sacral plexus pass through the piriformis 
muscle and a spasm of this muscle occurs, according to Freiberg, sciatic 
pain maj’- occur. The diagnosis is made b^^ palpation of the spastic muscle 
bj'- rectum and relief maj' be obtained by massage and phj'siotherap 3 " to 
relax the spastic muscle, or bj^ section of the muscle. Lesions of the sacral 
plexus ma}'^ result from obstetrical injuries or injuries caused bj" forceps, 
bullet wounds, fractures of the head of the femur, or pelvic tumors. The 
diagnosis is made bj'^ recognition of involvement of the nerve roots which 
make up the plexus or its branches, or the nerves that take their origin 
from it, plus roentgenographic or other evidence of le.sions in this region. 

Lesions of the peripheral nerves maj' be caused b^' inflammatoiy 
affections of the nerves, trauma, pressure, or degenerative changes, and 
thej’' ma.v produce lesions which produce conditions commonlv spoken of 
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under the heading of “neuritis”. Inflammation of nerves may be pri- 
marily parenchymatous, or they may involve the sheath or the interstitial 
connective tissue. Thus, there is parenchymatous neuritis, perineuritis, 
and interstitial neuritis. However, a sharp difference cannot be estab- 
lished between these forms, since in all of them the parenchymatous nerve 
elements are involved to some degree. Interstitial neuritis or perineuritis 
usually is associated with true hj^peraemia of the sheaths of the nerves, 
accompanied by transudation of serum and exudation of hematogenous 
leukocytes and lymphocytes. The nerve is red and swollen and the 
myelin sheath and the axis cylinders show some evidence of degeneration. 
This results in a typical degeneration of the peripheral portion of the 
nerve and considerable retrograde change of the central part, although 
the nerve sheaths are not affected. 


Symptoms of neuritis xmiy, of course, with the severity of the affec- 
tion. In perineuritis there is an extreme amount of sharp, lancinating, 
boring pain down the course of the nerve. Chills and fever with leukoc}^- 
tosis and general malaise may accompany the process. The pain is 
severelj’’ increased by movement of the part. The nerve trunk is swollen, 
frequent!}'- tender and palpable. The skin of the region supplied by the 
cutaneous nei-ve ma.y be tender to pressure and show -v'asomotor changes. 


Sensory loss, motor weakness and paralysis, and areflexia occur. 

A stud.y of a group of patients suffering from true sciatic pain gives 
the impression that the term “neuralgia” should no longer be used to 
describe this type of pain, because most of such instances of pain probably 
are the result of neuritis of the sciatic nerve or its branches. Injuries to 
the peripheral nerves may produce the well-known phenomenon described 


bj’- S. Weir Mitchell as “causalgia”. This condition is most common in 
the hand following injuiy to the median nerve, but may occur in the foot 
or along the course of the sciatic nerve. Causalgia seldom appears ivhen 
the nerve is cut completel}’-. It occurs in the presence of incomplete 
injuries to the peripheral nerves when the plysiological continuity of t le 
nerve has been affected minimally. Objective sensation, although di 
cult to test for because of the extreme pain present, may appeal to e 
intact. Hypalgesia, hypaesthesia, or hyperalgesia and hyperpathia ma} 
be encountered. It has been suggested that causalgia might be 
thetic in origin because of the associated vasomotor disturbances, an 


emotional response of the individual to stimulation. 


SUMMARY .4ND CONCLUSIONS 

The interesting subject of sciatic pain in relationship to 
anatomy and physiologj’- could be pursued at great length. In is P 
we have endeavored to present the modern concepts of the ou s a 
causative factors in the production of such pain. That non 
sciatic pain will be discovered in the future and that furthei mo 
of our present ideas will become necessary is ineAutab e. 
however, it is undoubtedly true that more patients w o lave 
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tressing symptom of sciatic pain can be relieved of their pain than was the 
case at any previous jicriod of medical histoiy. 
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CONSERVATIVE TREATMENT OF SCIATIC PAIN IN 
LOW-BACK DISABILITY 

BY JOHN G. KUHNS, M.D., BOSTON, MASSACHUSETTS 

This jjapcr is a description of tlie conservative treatment and a report 
of the results in 1000 patients seen for sciatic pain and low-back dis- 
ability during the past ten 3 "ears. B^'^ conservative treatment is meant 
the use of rest in special positions, support, medications, and phj’-sio- 
therapj'. It does not include manipulative and operative procedures. 
In this group of 1000 patients there Avere 390 males and 610 females. 
There w'ei'e fifty-two under twentj'’ and eighty-two over sixty years of age. 
It is difficult to divide low-back pain into acute and chronic. In 519 the 
low-back pain had been present for two weeks or less, and in 481 it was of 
longer duration. The affections of 576 of these 1000 patients were diag- 
nosed primarilj'' as muscular or ligamentous strains in the region of the 
low-lumbar spine and sacrum. In 325 others a ligamentous strain Avas 
diagnosed in conjunction AAoth disease or deformity of the vertebrae. 

Sciatic pain, like other s^'^mptoms in loAA'-back disability, Avas not a 
constant finding. At the time of examination, radiation of pain through 
branches of the sciatic nerve AA^as present in 449 of these patients as follows: 
in 410 to the cutaneous distribution of the posterior femoral cutaneous 
and common peroneal nerA^es; in tAventy-eight to the cutaneous distribu- 
tion of the sural and superficial peroneal nerves; in seven to the distribu- 
tion of the tibial nerve; and in four to the posterior femoral cutaneous 
distribution of both legs. In forty-three patients the radiation AA^as along 
the middle and inferior gluteal nerves; in nine, the pain Avas complained of 
in the cutaneous distribution of the anterior femoral cutaneous nerve; 
and in four, the radiation AA^as along the cutaneous distribution of the lat- 
eral femoral cutaneous nerve (Table II). In 409 of these patients the 
cutaneous radiation of pain could be interpreted only as a reflex phenome- 
non, a referring of pain from injured structures to the cutaneous distribu- 
tion of the same nerA'^e roots. Onlj'- approximate localization of the lesion 
from the referred pain AA^as possible. In ninety patients there Avas ex- 
tensive arthritic proliferation about the neural foramina AAoth possible im- 
pingement upon the nerA^e roots. In six patients lesions AAothin the spinal 
canal, AAffiich caused pressure upon the nerve roots, were demonstrated. 

In most instances of loAA^-back pain, the lesion causing the pain is 
presumed to be a ligamentous tear or a separation of fibers at the musculo- 
tendinous junction® (Fig. 1). As eAudence for this assumption aa'c haA^e 
local tenderness OA^er ligamentous structures. In a feAv instances there are 
superficial ecchj^moses. Novocain injections into the most tender areas 
often produce temporaiy relief. Disappearance of the pain and disability 
is frequently observed folloAAdng immobilization and support AA'itli at- 
tempted relaxation of the injured part of the back. Roentgenograms for 
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Fig. 1 

Sliows the common points of strain at 
tile luinbosacnil region and sacrum. 
P. Sac. IL: posterior sacro-iliac ligament; 
Sac.Sp.:^ 

Sac. Tvh.. ■ • . ■.'.■■■■ 

(From A V ■' ■■ ■■ wripth'C 

and Deductive, by J. C. B. Grant, William 
Wood & Company, 1937. Used by pcr~ 
mission of Dr, J. C. B. Grant and The 
Williams d- Wilkins Company.) 


soft-tissue detail are invariably 
negative. There are no early path- 
ological studies recorded and op- 
erative procedures upon these pa- 
tient."? are always performed too 
late to show any soft-part lesion. 

A number of methods have 
been described recently for arriv- 
ing at a more precise understand- 
ing of the pathological lesion re- 
.sponsible for the low-back pain. 
Stcindler’s studies aided in tracing 
■ the elusiAm referred pain from in- 
jured ligaments or the articular 
capsule. Operative attempts at 
muscular and ligamentous release 
have given suggestive evidence of 
the location of the lesion’. The 
work of Pitkin and Pheasant has 
pointed to the ligaments about the 
sacro-iliac and lumbosacral joints 
as the cause of the pain. In recent 
studies in a small number of pa- 


*** ^ 

tients the source of the pain has been found in the spinal canal ^ 
neural foramina. Discussion of articular displacements oi su uxa 
will not be undertaken, since the treatment of these does not com® P * 
marily under conservative therapy. Even the minor ones, desen e 
cently bv Mennell, or those believed by the osteopath to be , 

low-back pain, cannot be dcmon.strated clinically or roentgenogi P 

* It is recognized by anthropologists and bj’- students of 
the region of the spine at its attachment to the sacrum is req " 
secure and potentially weak Congenital anomalies are comrao 
area, and in addition there arc many diseases, such as ai ^ 
limit motion and lead to sprains and other injmies. oen imjibar 

examination of these patients showed 375 abnoimai ° and 

spine and sacrum in 323 of the 1000 patients. m a 

pathological changes are shown in Table I. pathological changes, 

All of the congenital anomalies and many o P snine, had 

which interfered with the normal stabilit 3 '" and ba anco o 
been present for a long time before low-back pain which hasten 

enee of congenital anomalies, and fanltj'- bo y gpjne and 

the appearance of symptoms by trauma 

inefficient functioning of the supporting stmctuies , E 

as a sudden unguarded movement, may pro uc 
low back. The instability induced in the low back bj 
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TABLE I 

Anatomical and Pathological Changes in the Vehtebrae 


Hypcrtroiihic arthritis 96 

Atrophic nrtlirifis 70 

Lumbosacral transverse joint 64 

Spina bifida 50 

Defective articular facets 45 

Six lumbar vertebrae 14 

Structural scoliosis 7 

Fracture of lumbar spine 6 

Metastatic malignancj' 3 

Epiphysitis of the spine 3 

Spondylolisthesis 3 

Tuberculosis of the hip 2 

Tuberculosis of the spine 2 

Paget’s disease 2 

Narrowing of the lumbosacral disc 2 

Fused spine 2 

Fracture of the pehds 2 

Short leg 1 

Thirteen dorsal vertebrae 1 


375 

mechanics is sliotvn in roentgenograms bj’- the tendenc3' of the sacrum to 
assume a more nearlj^ horizontal position, b3^ the thrust of weight coming 
upon the articular facets at the limit of extension, b3^ the increase in the 
lordosis with overriding spinous processes, and b3’^ the rotation and marked 
downward displacement of the lower ribs (Fig. 2 ). 

What can be regarded as adequate treatment of the usual cause of 
low-back disabilit3'', — a muscular or ligamentous tear in the supporting 
structures of the lumbar spine and pelvis? It would be reasonable to 
believe that the treatment would be similar to that applied to muscular 
and ligamentous tears elsewhere in the bod3’^, — that is, rest with the in- 
jured structures in a position of relaxation until healing is at least partially 
completed. The author does not know how long it requires for a ligamen- 
tous tear to heal completel3^ From studies b3'- Dehne ^ upon ligaments 
of dogs of a similar size, it should take at least two months. 

What is the position of relaxation? Here we have considerable 
clinical and anatomical data. It is possible to secure i-elaxation of most of 
the posterior ligamentous structures about the sacrum and lumbar spine 
b3'^ supine recumbenc3’^ with the lumbar spine flat, and with slight flexion 
(20 to 30 degrees) of the hips. This has been demonstrated in the cada- 
ver. From observations upon the cadaver or the partially dissected lum- 
bar spine and pelvis, the author can find no mechanical basis for traction 
upon the legs in extension for relief of the usual t3"pes of low-back pain. 
It does not aid ligamentous relaxation in the low back, or relieve muscular 
spasm in the lumbar region, but it does lead to immobilization of the spine 
in fault3" positions. 

The best method of securing immobilization and ligamentous 
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relaxation for the low 
back is to keep the 
patient constantly on 
a firm bed with the 
entire body horizontal 
except for slight flexion 
at the hip joint. This 
can be secured in the 
supine position by plac- 
ing a pillow under the 
knees, or in the prone 
position, under the 
abdomen (Fig. 3). 
With very severe liga- 
mentous injur}’^ it ma}'^ 
be necessary to apply 
a plaster back shell or 
a plaster spica to hold 
the patient more con- 
tinuously in this po- 
sition temporarily. 
Only in the mildest of 
low-back injuries is 
the patient permitted 
to be ambulatory. 
The common tendency 


T , is to underestimate the 

Uateral I oentgenogfam of lumbar spine and pelvis, show- •, r 

ing marked forward inclination of the pelvis Avith the seventy of the injmj • 
sacrum approaching the horizontal. The articular facets In most instances 

are used at the extreme of extension. There are im- , nnUont ic in 

pingrng spinous processes and depression of the lower ribs, while the patient is in 

bed, physiotherapy, 

consisting of heat daily, should be given to the posterior surface of the 
spine and pelvis to improve the local circulation, to relax muscle spasm, 
to relieve pain, and to hasten the absorption of inflammatory exudate 
This can be applied in a position of ligamentous relaxation ivith the patient 
prone bj'^ placing a pillow under the abdomen. In most instances it ivill 


Lateral roentgenogram of lumbar spine and pelvis, show- 
ing marked forward inclination of the pelvis Avith the 
sacmm approaching the horizontal. The articular facets 
are used at the extreme of extension. There aie im- 
pinging spinous processes and depression of the loAver ribs. 


be possible to permit the patient to sit up for meals and to use a cabinet 
chair for botvel evacuation without disturbing the healing process. As 


soon as muscle spasm and pain begin to subside and the patient can moA'e 
in the bed without much discomfort, exercises can be given to the patient to 
teach him muscular coordination so that he may improA'^e the balance and 
carriage of the entire body to prevent further strain. The period that the 
patient must be kept recumbent varies greatly. It is usuallj'^ longer m 
chronic conditions than in acute ones. The average period of complete 
recumbency in this group Avas ten days. Complete recumbency should e 
continued until pain and local tenderness have almost entirely subsi e 
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Fig. 3 

Tlic positions assumed by the patient in bed to relax the muscles and ligamentous 
structures of the low back and the sacrum. 


This does not mean the end of treatment. Usualty a prolonged 
period of convalescence is required until the individual is again able to 
assume his usual activities. Physiotherap 3 '- in the form of heat, exercises, 
and recumbent rest in positions which do not sprain the low back for part 
of the daj' are continued for a longer period. If the patient is not pushed 
bejmnd his phvsical capacitj^ and if the ligaments are prevented from being 
overstretched during healing, a gradual improvement in sj^ptoms, in 
muscular tonus, and in good carriage should be observed. 

Because it requires a prolonged period to heal a ligamentous tear and 
because recurrence of the lesion ma}^ occur b}’’ an unguarded movement 
during convalescence, a spinal support is usually required. There are 
manj^ kinds which can be effective if the}’’ are applied properl 3 ^ The 
following are the criteria of a good spinal support: 

1. It should be long enough to extend several vertebrae be 3 '^ond 
those attached to the sprained ligaments. 

2. It should be firmly attached to the pelvis. 

3. It should be fitted to hold the joints of the lumbar spine in a posi- 
tion midwa}’’ between flexion and extension, the optimum position for 
function (Fig. 4). 

Treatment should attempt to relieve the immediate disabilit}’’ and 
also should do whatever is possible to avoid a recurrence. This will in- 
clude improvement of general health, reduction of obesit}^, better habits 
of work and leisure, the easing of social maladjustments, and man}’’ others. 
In regard to the spine itself, prolonged guidance as the patient is beginning 
to resume his work is important. The spinal support should be discarded 
graduall}’ as the patient loses his pain and limitation of motion, and learns 
how to use the bod}’’ habitually in a position which is not at the extreme 
of extension, but midway between full extension and flexion. This is the 
position seen in good body mechanics. 

With such treatment continued until subjective symptoms and objec- 
tive signs subside what can be expected? In this group it required an 
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average of forty-eight 
daj’-s before the spinal 
symptoms and signs 
subsided and the pa- 
tients returned to their 
work, with extremes 
of one week and ten 
months. A large 
number of patients 
who return and con- 
tinue at work are 
never wholly free of 
symptoms, although 
ph3\sical signs do not 
suggest an}'' serious 
lesion in the spine. 
The reasons for their 
continued symptoms 
are varied. It may 
be a chronic arthritis. 


Spinal support used during convalescence in the treat- 
ment of low-back pain. The shoulder straps are not used 
if there ai'e no symptoms in the upper dorsal or cervical 
regions. Note the firm grasp of the pelvis, the fitting of 
tlie support to hold the spinal joints in a position not at 
the extremes of their motion, and the avoidance of com- 
pression upon the supporting muscles of the back and 
abdomen. (From Body Mechanics in the Stud}’ a^ 
Treatment of Disease, by Joel 13. Goldthwait, Lloyd 1. 
Brown, Boring T. Swaim, and .Tohn G. Kuhns. Bd. Z 
Philadelphia, J. B. Lippincott Co., 1937. Courtesy of 
J. B. Lippincotl Company.) 


or a congenital anom- 
aly making a poten- 
tiall}' u-eak back, or 
working long hours 
■\'\'ith the back bent, 
or the inability of the 
patient to learn to use 
the body in a more 


correct habitual posi- 
tion. A permanent mvrscle weakness may lead m-. 

strain when the patient works too strenuously. Certain o ese 
rences can be relieved by more radical proceduies, but o en e 
symptoms will recur even after surgical correction ® ^ 

The effect of conservative treatment in the relief of bot i 
referred pain is shown in Table II. Relief of pain was o sen 
of the entire group. In those with sciatic radiation of pain. 


TABLE II 

Results of Conservative Treatment in the Relief of Pain 

Believed Unrelieved lJnkno^^'n 



No. 

Believed 


... 495 

374 


.. 449 

356 


... 43 

31 


9 

6 

Anterior tnign 

4 

4 

Lateral tnign 



— 


... 1000 

771 


35 

31 

5 

1 

0 


72 


62 

7 

2 

0 

157 
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disapjicarcd in 356 of 449 patients, or about 79 per cent. There was no 
appreciable difference in tlie relief of pain in the various cutaneous dis- 
tributions. The alleviation of pain is not the only factor which deter- 
mines whether the individual is disabled from lesions in the low back. If 
the iiain is not severe the patient will often continue at his usual activities. 

If this stud}' is to be of value it should suggest which types of low- 
back pain will probably be relieved under conservative treatment (Table 
III) and which will probablj' not be helped by conservative treatment 
alone. The t 3 'pes of low-back disability can be placed in four large 
categories: 

1 . A Cldc Traumatic and Chronic Postural Strains of the Low Back. All 
of these patients can be expected to recover under conservative treatment. 
The length of time that treatment must be continued will depend upon 
the severit}' of the trauma, the chronicit}' of lesion, and the cooperation 
of the patient. 

In a small number of patients a change from full extension of the 
spinal joints to one of relative flexion cannot be obtained by conservative 
measures alone. This can be demonstrated b}' lateral roentgenogi'ams 
(Figs. 5-A and 5-B), with the thighs extended and flexed upon the abdo- 
men. If, after two weeks of adequate, conservative treatment, no motion 
can be demonstrated in the spinal joints of the low back, other measures, 
most commonly manipulation of the low back, are indicated. After 
normal mobility has again been obtained in the low spinal joints, conserva- 
tive measures should be resumed until the patient has recovered. 

2. Structural Cha7igcs m the Vertebrae or Their Contiguous Structures. 
If the normal osseous contour is again established and adequate fixation 
is given, conservative treatment is needed to recover normal function. 
In other diseases where there is much deformity or disturbance of stabilit}', 
an attempt should be made to correct this; then conservative treatment 
may be given. Where structural restoration cannot be expected, as in 
metastatic malignancies, conservative therap}' may prolong function 
and is of great help in palliative treatment. 

3. Low-Back Pain from Pressure or Irritation within or about the 
Spinal Canal. In this group conservative treatment maj' be of little avail. 
Here, if there is a definite lesion — namel}', a ruptured nucleus pulposus 
or a spinal cord tumor — its removal is indicated. 

TABLE III 


Results of Conservative Treatment in the Relief of Disability 



No. 

Improved Unimproved Unknown 

Acute traumatic and chronic postural strains . 

904 

744 

47 

112 

Structural changes in the vertebrae 

Pain from pressure or irritation within the 

90 

47 

S 

3.5 

spinal canal 

6 

0 

6 

0 

Pain referred from other parts of the body . . , 

0 

0 

0 

0 

Totals 

1000 

791 

61 

147 
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Fig. 5-A Fig. 5-B 

Lateral roentgenograms of the lumbar spine and pelvis. 

Fig. 5- A shows the position of the sacrum and articular facets with the inigns 

shows good mobility in the lower spinal joints when the thighs are flexed 
upon the abdomen. 


4. Pain Referred to the Back from oilier Paris of the Body, Usually the 
Abdominal and Pelvic Viscera. There were no patients in this 1000 cases 
with low-back pain of this type. Here the lesion, which causes pain re- 
ferred to the low back, should be treated. 


SUMMARY 

Low-back disabilitj" with sciatic radiation maj^ arise fiom an , 
number of causes. The most frequent cause is injuij'’ to t 
muscles, and fascia supporting or investing the low back or pe ‘ . 

cutaneous radiation is most commonly a reflex phenomenon, a 
of pain from deep structures to the cutaneous distribu ion o 
nerve root. The lumbosacral region of the spine is the 
of the vertebral column. Contributing factors to the 

anomalies and diseases of the vertebrae and faculty la j^ugcJe 

bodv. Faulty body mechanics leads to ® ^ of the low 

supports, defects in balance against gravity, and the tendency 

spinal joints to be used at the limit of their the entire 

Adequate conservative treatment should i anolied to the 

spine in a good mechanical position on a firm sui ace, idth 

injured portion of the spine, and, when movements can P 

relative comfort, exercises to teach the tient is first amhula- 

ually in good body mechanics. Later when the patient 

.hkioukkxi.okbonu.noioixx«gbokki 



CONSERVATIVE TREATMENT OF SCIATIC PAIN 


443 


(ory, a support should be fitted with the patient’s bod}^ in the best cor- 
I’ccled posture possible, so that strain will not come upon the healing 
structures. 

Pain referred along the sciatic nerve is relieved by such treatment in 
approximately 79 jier cent, of all patients who present this s 3 "mptom. 
AVhen we group patients according to the cause of the disability we find 
that low-back disability caused b.v ligamentous and muscular strains re- 
sponds most frequently" to conservative treatment. 
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POSTERIOR PROTRUSION OF THE LUMBAR 
INTERVERTEBRAL DISCS * 
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Boston 

For man.y j’^ears orthopaedic surgeons have been studjdng the problem 
of low-back and sciatic pain, and have recognized that in the majorit}'’ of 
cases the cause of the patient’s disability is mechanical. An exact classi- 
fication of the various types of mechanical derangement is impossible 
unless the pathological anatomy can be demonstrated either on the oper- 
ating table or at autopsy. Within the past decade it has been discovered 
that one of the common mechanical derangements causing sciatica is 
posterior protrusion of the lumbar intervertebral discs. The increase in 
the number of patients operated upon for this condition is shown in 
Table 1. 


PATHOLOGY 

The limited time at the authors’ disposal precludes a complete dis- 
cussion of the anatomy and pathology of intervertebral-disc lesions. The 
recent reviews by Saunders and Inman are both comprehensive and 
accurate. The normal intervertebral disc cushions the central neivous 
system from trauma and serves to transmit the bodj'' weight from one 
vertebra to another and to permit mobility of the spine. Each disc pos 
sesses a certain turgor or internal hydrostatic pressure, which, as measui e 
by Better, amounts to thirty pounds for the lumbar discs. This inteina 
pressure is, of course, markedly increased during certain of oui noima 
activities; for instance, if a man is lifting a 100-pound weight, the um ar 
intervertebral discs are subjected to the -weight of the body above leni^ 
to the 100-pound -^veight, and, in addition, to the compiessive oxce e. 
erted by the trunk muscles contracting between the pehds an t le , 
cage. Extrusion of the nucleus pulposus ma}'^ occur in anj'- uec 
lowing weakening of its surrounding tissues by de-\ elopmen a > 

disease, degenerative change, or trauma. If the cartilaginous en 
is weakened, protrusion may occur into a vertebral bodjA ou 
Knorpelknotchen may cause local backache, thej'’ appaien 3 ne^ 
radiating pain. ^ 

* The statistical data of this paper are compiled from the records^oH^^ 
proved cases of posterior intervertebral-disc (■ ^omnlaint of “sciatic” pam- 

upon at the Massachusetts General Hospital for a because they vere 

A^ew eases reported in previous P^P^^^ notlS^ or because on 
operated upon at other hospitals and end-result da j various minor statu 

restudy they did not seem to fit the syndrome. This accounts loi 
tical discrepancies between this and others of our pap 
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TABLE I 

Number of Oi’ERation's Performed for Posterior Protrusion of Lumbar Inter- 
vertebral Discs at the Massachusetts General Hospital up to January 1940 


Ye.ar 

No. 

Year 

No. 

1925 

1* 

1934 

5 

1927 

1* 

1935 

8 

1930 

2* 

1936 

23 

1931 

1* 

1937 

19 

1932 

5 

1938 

27 

1933 

1 

1939 

48t 



Total 

141t 


* These were recognized as l uptured discs only after restudy of the histological 
material in 1932. 

t Includes two recurrences. 


Posterior protrusions in the low lumbar region sufBciently large to 
press on one or more roots of the lumbosacral plexus cause a veiy definite 
train of s.ymptoms and signs, which have been described in detail in previ- 
ous communications. In a series of 155 cases of proved intervertebral- 
disc protrusion into the spinal canal, verified by operation at the Massa- 
chusetts General Hospital, 139, or 90 per cent., occurred in the lumbar 
region, the fourth and fifth lumbar discs being the favored locations. The 
lesion is laterall}’- placed, usually directly beneath the articular facet, and, 
when of sufficient size compresses the nerve root between the ruptured 
disc and the facet just before its exit through the intervertebral foramen. 
A lesion at the fourth lumbar disc invariably compresses the fifth lumbar 
root, while a lesion at the fifth lumbar disc invariably compresses the first 
sacral root, providing the proti’usions are of sufficient size to cause an}'' 
nerve-root pressure. This is due to the fixation of the root in its dural 
sheath at its point of exit through the intervertebral foramen. The other 
roots lying free in the cauda equina are easily displaced to one side and so 
avoid pressure in most instances. Occasionally the lesion is so large that 
it completel}'' occludes the dural sac. The lesion, as seen at operation, 
usually presents itself as a small, elastic, pea-sized nodule lying beneath 
the posterior longitudinal ligament and on incision of the ligament can be 
removed as a rolled-up, completel}"' detached bit of intervertebral-disc 
tissue. Occasionally, the fragment is still attached to the disc but pro- 
duces a localized protrusion. Rarely there is a generalized backward 
bulging or prominence of the whole posterior disc margin with a resultant 
transverse indentation of the ventral surface of the dural sac. The nerve 
root impinged upon is, of course, definitely flattened at the point of preis- 
sure, and there is oedema and injection of the involved nerve root proximal 
to the level of the lesion. There is associated local thickening of tlie liga- 
mentum flavum in a faii'ly high percentage of cases of proved luptuied 
discs. Abnormal mobility of the involved interspace may be demon- 
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strated in some of the cases, and in a few instances, on opening the dura, 
chronic adhesive arachnoiditis has been demonstrated. 


ETIOLOGV 


There seem to be two po.ssible explanations for the presence of these 
protrusions. They may be due to sudden rupture of the annulus fibrosus, 
the result of raising the internal disc pressure above the breaking point of 
the annulus fibrosus, with protrusion of the nucleus pulposus. The 
history of certain of the authors’ patients would lead to the belief that 
this can and does occur clinically. It is analogous to the blow-out of an 
automobile tire. 

A second explanation is that a fi.ssure occurs in the annulus fibrosus as 


the result of the wear and tear of ordinary use or of degenerative change, 
and through this fissure there is a slow, gradual extrusion of disc tissue 
with final resultant .symptoms of sciatica when the extruded mass becomes 
large enough to jDress upon a nerve root. Clinical cases of this t5’^pe may 
have recurring episodes of low backache over many jmars before the 
extruded mass becomes large enough to precipitate an attack of sciatica. 

Finality, there are small posterior protrusions which Schmorl found in 
about 1 5 per cent, of autopsies, and which he considered to be congenital 
in origin and of no clinical significance. There can be no doubt of the 
existence of such congenital lesions, but they seem to bear no direct 
relationship to the rujDturcs described hci’e, as thej’’ occur in a higher per- 
centage of females than of males and show no predilection for the low 
lumbar sjjinc. 

The s3miptoms and signs of a ruptured lumbar intervertebral disc are 
most ^mriable, but the general pattern is so uniform that the presumptive 
diagnosis can often be made without contrast mjmlographj^ A common 
t3''pe of case histor3'^ follows: 


A vigorous man in liis thirties was perfectly well until, while lifting a heavy veig t, 
he felt something “snap” in his low back and had immediate pain in the lumbosacra 
region. Sometime thereafter he developed “sciatica” in one leg, which he describes as 
a deep-seated pain beginning in the buttock, radiating dovui the posterior thig , e 
posterolateral aspect of the calf, and occasionally going into the lateral border of t e oo 
or the great toe. Coughing and sneezing, bending forward to tie the shoes, an yj”® 
face down in bed cause a marked increase in the radiating pain. If an unco^^ °^here 

position is maintained for a time, the leg tingles, and the foot may goto sle^ 

have been two or three separate periods of disability, the first ones relieve 3 _ 

bed; the last one, however, has not yielded to conservative measures inc u 
strapping, heat, bed-rest, plaster casts, corset, and osteopathic manipu ation. 
amination the patient is found to stand rvith his trunk thrust for war an o 
with most of his weight borne on the non-painful leg “sciatic scoliosis . e 
lumbar lordosis has been lost, and in its place is a fixed reversal of the um ar 
prominence of the spinous processes of the third, fourth, and fi t um ar 
All motions of the lumbar spine are considerably restricted by j-ept 

The patient’s finger tips cannot possibly be made to touch the oor r e either 

straight. The fixed list of the spine and pelvic tilt are uninfluenced by a i gitjon, the 


foot. Forced hyperextension causes severe radiating pain, .in me Vnees, but 

trunk can be flexed at the hips with ease, so that the chest approaches the kne , 
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observation reveals that tlic himlnir spine remains in its fixed position and goes forward 
c» bloc. The list of tlie lumbar spine may not be so noticeable, but side bending remains 
restricted. 

The patient gets into bed or on to the examining table with extreme care. Turning 
over on the table is an ordeal, and he is unable to lie face down until a fat pillow is placed 
beneath the abdomen. In that position on palpation there is found definite local tendez’- 
ncss in the mid-line between the fourth and fifth lumbar spinous processes or at the 
lumbosacral junction. Pci'cussion ov'er these spinous processes may cause radiating 
sciatica, as may jugular compression (Naffziger’s sign). There may be a little tendei-ness 
at the sacrosciatic notch on the affected side and over the course of the sciatic nerve. 
Inspection reveals some atrophy of the buttock, thigh, and calf on the painful side. The 
ankle jerk is usually diminished or absent on the painful side, and normal on the other. 
Peripheral, scnsoi-y, or motor changes are found in less than half the cases. Straight-leg 
raising may be somewhat liznitod on the non-painful side, and is markedly limited on the 
painful side. Lasegue’s sigzi maj’ bo positive. 

A history and physical examination similar to this suggest strongl3^ 
that the diagnosis is posterior protrusion of one of the lower lumbar inter- 
vertebral discs. 

The clinieal differentiation of lesions at the lumbosacral junction 
from those one or two discs higher is extremelj" difficult, and no reallj^ re- 
liable method is 3'et available. The distribution of the radiating pain 
does not correspond to the sensoiy dermatomes. Spurling and Bradford 
suggest that if subjective or objective sensoiy changes are present (that 
is, paraesthesia, lypaesthesia, or anaesthesia) in the anterolateral calf 
and great toe, the lesion is between the fourth and fifth lumbar vertebrae, 
while involvement of the lateral calf and lateral border of the foot indicates 
a lumbosacral lesion. Although this differential diagnosis would be most 
useful, the authors in their series of cases have not been able to verify its 
reliability. Their statement that the ankle jerk is absent or diminished 
if the lumbosacral disc is involved, and present if the disc between the 
fourth and fifth lumbar vertebrae is involved is also not a reliable diagnos- 
tic differential point. 

The usual anteroposterior and lateral roentgenograms are of some 
diagnostic aid. They may be entirel3^ normal, as the displaced disc tissue 
casts no I’oentgenographic shadow, and may be too small in volume to 
cause apparent narrowing of the intervertebral spaces. However, a 
definitel3'^ narrowed space between the fourth and fifth lumbar vertebrae 
is of some diagnostic importance. A naiTOW lumbosaci’al intei’space 
occurs about as fi’equentl}'" as other congenital abnoi'malities, such as 
sacralized transverse processes and spina bifida, and should be con- 
sidered as an incidental finding unless thez-e are other changes pz'esent, 
such as osteosclerosis or spur formation, to suggest that the narrow disc is 
not congenital but acquired. If the fifth lumbar vertebra is saci’alized, 
the rupture is almost invariabb'’ above it. The scoliosis and k3'phosis 
noted clinical^'’ are also seen on the I'oentgenogi'am. 

The next step in diagnosis is the lumbar puncture, which should be 
done as low as possible, pi’eferabb'' at the lumbosacz’al intei'space. The 
first two cubic centimeters of fluid removed should be sent as a separate 
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specimen for determination of the total protein. After careful mano- 
metric tests to rule out dynamic block, further fluid is withdrawn for 
cjdological study, and for Wassermann and colloidal-gold tests. A total 
protein higher than 35 or 40 milligrams per 100 cubic centimeters is con- 
firmatory evidence that the pathological process is intraspinal. The 
authors have a few proved cases in their series which have had normal 
total protein, but the average figure has been above 60 milligrams per 
100 cubic centimeters. As the le.sion is usually at one of the two lowest 
intervertebral discs, the lumbar-puncture needle is seldom placed caudal 
to it, and it is rare to find anj’’ djmamic block. 

The diflferential diagnosis between protruded intervertebral discs and 
other causes of sciatica cannot be discussed here. It must not be forgotten 
that sciatic pain of any origin is accompanied by limitation of motion of 
the lumbar spine, limitation of straight-leg raising, and diminution or 
absence of the ankle jerk. There is no single s 5 "mptom or sign from which 
the diagnosis can be made. There is no easy road to correct diagnosis 
which can supplant the time-honored method of careful histoiy-taking, 
complete ph^’^sical examination, and the evaluation of that information 
in the light of appropriate laboratory tests. Malignant tumors, primary 
and metastatic, infectious lesions of the low back, including the sacro-iliac 
joints, arthritis, including the Strumpell-Marie as well as the hypertrophic 
t 3 ’-pes, must all be considered among the organic causes. On the other 
side of the ledger are all the strains, sprains, and subluxations of the 
lumbosacral and sacro-iliac joints, and of the ligaments and muscles control- 
ling them. Diagnostic problems and errors must arise tc* plague all of us, 
even when the combined skill of the internist, neurologisr, roentgenologist. 


and orthopaedist are directed toAvard the solution of the problem. 

Preoperathm diagnosis and localization of the lesion bj' means of con- 
trast m^yelographj'' is the next procedure to be considered. Iodized oil 
(lipiodol) is considered bj'^ competent roentgenologists ® to be the 
most satisfactory medium. Its use led to accurate preoperatiAm localiza- 
tion in most of our cases, and AAuthout it the eAmlution of our knoAA’ledge 
of this clinical entit3'’ Avould haAm been much retarded. HoAA'eAmr, in fiA e 
cases the lipiodol roentgenographic examination Avas positiAm, but t le 
explorator 3 '- operation proA'^ed to be negatiAm. In tAA'O of the nine cases 
in Avhich the lipiodol roentgenographic examination AA'as negative, nip 
tured discs Avere found at the time of the exploratoiy operation. 

There has been a good deal of acrimonious discussion conceimng 
use of a contrast medium such as lipiodol for the localization ® 
spinal lesions. Spurling suggests that clinical diagnosis and oca 
ma3'’ be so accurate that the use of a contrast medium is , t 

Chamberlain and his coAVorkers state that lipiodol is dangerous an 
air or ox3’-gen myelography 3deld exact diagnostic infoimation. 

In a series of cases in AAdiich the authors haAm use o . j| 
lipiodol myelography, they have found that the formei is is 

accurate in not over 50 to 60 per cent, of the cases, aa u 
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accurate in over 90 jier cent. The authors sometimes make air or oxygen 
mj’elograms at the time of the lumbar puncture, and if unequivocal, 
positive information is obtained, they proceed with the operation, but if 
the myelograms are negative or doubtful, lipiodol is injected a few days 
later. The lipiodol examination gives so much more accurate, depend- 
able information that maii}'^ workers have stopped using air or ox3^gen 
m3’elographv. Lipiodol in the authors’ hands and in the experience of 
other competent observers has proved to be the best of contrast media so 
far available. The risk of complications from its use is not great, and if it 
is reserved for those cases in which conservative treatment has failed, it 
becomes a preoperative localizing diagnostic test reserved for patients in 
whom clinical and other laboratory e.xaminations make the diagnosis of a 
lesion in the low-lumbar spine almost certain. Under these circumstances, 
a lesion will be demonstrated and accurate^" localized in a very high 
percentage of cases. In two cases of this series no lesion was demon- 
strated on lipiodol examination, but exploratoiy laminectom3’' revealed a 
ruptured lumbosacral disc pre.ssing on the first sacral nerve root, but not 
encroaching on the thecal sac. The lipiodol is alwa3"S removed as com- 
pletel3' as possible at the time of the operation. The technique of lipiodol 
and pneumom3"elograph3" has been described elsewhere. Thorotrast 
seems to the authors to entail too much risk to warrant its use. The3^ 
have hesitated to recommend explorator3'- laminectom3^ unless the lesion 
has been diagnosed and localized b3'’ m3"elograph3L Occasional^’- such a 
procedure is justified and may become more so as greater skill in clinical 
diagnosis and localization is acquired. The discoveiy of an absorbable, 
innocuous, contrast medium of the densit3'- of lipiodol is awaited.* 

METHODS OF TRE.A.TMENT 

The authors’ cases are selected for operation on the following basis; 
Operation is reserved for those who have had adequate conservative treat- 
ment under competent direction without satisfactor3’- relief of S3TOptoms, 
and for those who, although the3^ ma3^ have had no conservative treat- 
ment, have definite evidence of serious nerve-root pressure (areas of 
anaesthesia, motor weakness, or paraL'^sis, loss of sphincter control, etc.). 
The operative technique has been described b3’^ IMixter, Love, Fincher, 
and others. Suffice it to sa3^ that a partial laminectomy, in Avhich ad- 
jacent portions of two laminae are removed but the continuit3’ of no whole 
lamina is sacrificed, is usualL"^ sufficient for exposure and removal of the 
lesion and removal of the lipiodol if it has been left in the lumbar sac. If 
marked abnormal mobilit3'^ is demonstrated at the site of the lesion, or if 
an articular facet has been sacrificed, the involved area (the fourth lumbar 
to the first sacral vertebrae) is fused. This can be easily performed on the 
side opposite the lesion. A modified Hibbs method reinforcing the fu.sion 

Since this paper was read, a satisfactory method for the removal of lipiodol has 
been worked out". This makes it unnecessary to operate on those cases that ha\'e had 
negative lipiodol examination and obviates the danger of late arachnoiditis due to 
irritation from retained lipiodol. 
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with an osteoperiosteal graft and additional bone chips from the tibia is 
used. No attempt is made to bridge the laminectom}^ defect. There is a 
definite place for fusion in selected cases, and about one-third of this 
series of cases are fused. Whether fusion is performed or not, strenuous 
activitj^ heavy work, etc., are not permitted for six months after opera- 
tion. It is unnecessary to emphasize that muscular rehabilitation by 
means of carefully graded exercises should be an integral part of the post- 
operative care of every patient. Details of after-care varj' rvith the 
physician in charge. 


CONSERVATIVE TREATMENT 

There is a good deal of clinical evidence leading to the conclusion 
that the le.sion under discussion is by no means rare and that many pa- 
tients with low-back pain and sciatica, whose s.ymptoms are mild or who 
recover under conservative treatment, have a protruded disc as the cause 
of their s 3 ’'mptoms. The onl.y wa.^’ of obtaining exact evidence on that 
would be to inject lipiodol into the spinal canal of a large consecutive 
series of cases of low-back strain and to follow them carefullj’- without 
operation. Ten patients in our series with a typical or suggestive defect, 
as shown bj"- examination with lipiodol, and a large number of others who 
clinicallj'- seemed to have iirotruded discs have been treated conserva- 
tivel 3 ^ The use of a plaster jacket applied with the lumbar spine in 
slight flexion seems to be the most efficacious method of immobilization. 
The patient whose s^miptoms arc not relieved within a fc-w weeks by bed- 
rest or hy the application of such a jacket usually requires surgery. As 
has been stressed before, tliis series of proved cases have had every form 
of conservative and operative treatment tried, including belts, braces, 
jackets, corsets, fasciotomjq sacro-iliac fusion, etc. The point that is not 
known is how manj'^ additional cases of protruded disc were saved from 
surgerj'^ b}'’ such treatment. Manipulation of the spine in suspected disc 
cases is stronglj'^ condemned. It maj"^ result in paraplegia. 


ANALYSIS OF CASES 

Age and Sex, The age of the patients averaged thirtj’^-seven 3 eais 
and ranged from sixteen to sixt 3 '’-five. Sevent 3 '’-eight per cent, veie 

males and 22 per cent, females. _ t r\ r 

History. In 50 per cent. disabilit3'^ occurred immediate^'’ o 
injmy and in another 30 per cent, the disabilit 3 '^ developed aftei a a en 
period. In the order of frequency, the most common causes ol injm} 
were lifting a heav 3 '’ weight, falling from a height, and inclining a u 

strain. ., 

Pam. In 60 per cent, the pain was constant from onset until p 

tion, in 40 per cent, there were remissions and relapses. ^ o 
cent, backache preceded sciatica. In 80 per cent, the 
unilateral, and in 20 per cent. bUateral. Nmet 3 ^-five to pe 
the patients complained of pain in the postenoi an a eia > 
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cent., in tlio ])os(erior and lateral calf; 70 per cent., in the lumbosacral 
region; 65 jier cent., in the gluteal region; and 20 per cent., in the lateral 
border, sole, or dorsum of the foot, or the great toe. 

Physical Examination. Straight-leg raising was limited on the pain- 
ful side in 95 to 100 per cent., and on the other side in 30 to 50 per cent. 
Laseguc’s sign was usually positive. Sciatic scoliosis was present in 60 
per cent. (40 jier cent, contralateral and 20 per cent, homolateral). Re- 
versal of the usual lumbar curve (kyphos or flat back) and limitation of 
motion of the lumbar spine occurred in 90 per cent. There was local 
tenderness over the lumbar spinous processes at the level of the lesion in 
50 to 60 ])cr cent. ; radiating pain on coughing, sneezing, percussion of the 
lumbar sjiinous processes, or jugular compression in 40 per cent.; and 
atrophy of the buttock, thigh, or calf in 50 per cent. 

N curological Signs. The ankle jerk was absent or diminished in 70 
per cent. Sensoiy changes in the extremit}^ — most common^ on the lat- 
eral calf, lateral border of the foot and fifth toe, and posterior thigh- 
occurred in 35 per cent. i\fotor weakness of the dorsiflexors of the foot 
or the gastrocnemius muscle was present in 15 per cent., and sphincter 
disturbance in 5 per cent. 

Location of the Lesion. The lesion occurred at the third lumbar in 
two cases; the fourth lumbar in eight 3 ^-one; the fifth lumbar in fifty- 
seven; and the first sacral in one. These figures include two patients who 
had a recurrence of S3miptoms and a second operation. 

Other Pathology. In twent 3 ’--three patients who were operated upon 
after a preoporative diagnosis of possible ruptured disc, h 3 '-pertrophy of 
the ligamentum flavum was found in ten; chronic adhesive arachnoiditis, 
in eight; h 3 ’’pertrophied ligamentum flavum plus arachnoiditis, in two; 
h 3 ’^pertrophied ligamentum flavum plus generalized posterior bulge of the 
disc, in one; and varix over nerve root, in two. 

END RESULTS 

The two deaths in this series occurred in patients who had preopera- 
tive paraplegia from extremely large ruptured discs. Their symptoms 
did not respond to relief of the pressure. One of them died postopera- 
tivel 3 ’' of complicating sepsis. The other one lived five months after 
operation. Since the death of that patient in 1931, there have been no 
operative deaths in a series of over 130 consecutii'^e cases. 

Of 139 patients with protruded disc in the lumbar spine operated 
upon at the Massachusetts General Hospital up to Januaiy, 1940, ninety- 
four have been followed for at least one year, and the postoperative result 
ascertained. The average follow-up period was three and one-half 3 'ears. 
Sevent 3 ’'-seven per cent, of the patients have had complete relief from 
their radiating pain, and an additional 18 per cent, have had onl 3 ' minor 
discomfort in the affected leg; in other words, the relief from the sciatic 
pain has been satisfactoiy in 95 per cent, of the cases. Five per cent, 
must be classed as failures. In this gi'oup are two patients who had 
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temporary relief from the removal of a ruptured disc. One had a recur- 
rence of symptoms and at a subsequent operation was found to have a 
recurrent protrusion at the same site. The other patient developed 
sciatica in the opposite leg, and at a second operation was found to have a 
ruptured disc at the same level but on the opposite side from the original 
rupture. Both of these patients have been relieved of their sj'^mptoms by 
the second operations. Thirty-seven patients have been operated upon 
too recently for end results to be available, and si.v were untraced. 

Back Symployns. Although laminectomy and removal of the pro- 
truding disc fragment is almost uniformly .successful in relieving the 
patient of his major sj'mptom, radiating sciatic pain, there is another 
factor which has particular interest and Avhich has been studied most 
carefully, and that is weakne.ss or discomfort in the low back. The au- 
thors have found that 60 per cent, of their patients den}'' having any hack 
.symptoms, and consider themselves as strong physicall}’’ as before the 
onset of their disability. Thirt 3 ’’-two per cent, complain of slight to mod- 
erate back weakness or discomfort, and 8 per cent, consider themselves 
markcdl}' disabled. In other words, 40 per cent, would probably have 
had to seek lighter work if their occupation entailed manual labor. As 
the majority of cases of ruptured discs occur among vigorous jmung and 
middle-aged men, even slight to moderate back disability is serious. In 
the case of the laboring man, it maj’’ mean changing from self-support to 
economic insufficiency, while in others it means curtailing all vigorous 
sports. There are two probable explanations for the occurrence of a 
weak, painful back. The mechanical derangement due to the ruptured 
disc is obvious in certain instances. Roentgenograms majf show marked 
narrowing of the vertebral interspace with accompan 3 dng h 3 '^pertrophic 
spur formation, and subluxation of the articular facets; and so, although 
the protruded disc tissue has been removed and the sciatica relieved, 
remains a locus minoris resistentiae easity susceptible to strain. Secon } , 
the laminectom 3 '' itself ma 3 ^ u^eaken the back to a greater or lesser degree, 
particularly if sacrifice of an ai’ticular facet is necessary. In about one 


TABLE II 

Relief of Sciatic Pain Following Operation in Ninety-foub Patients 

lowed for One Year or More 


Results 

Whole Series 

Spines Fused 

Spines Not Fused 

No. 

1 

Per Cent. 

1 

No. 

1 

Per Cent. 

- 1 

No. 

Per Cent- 

Complete relief 

72 

17 1 

2 

3 

1 — 

77 

18 

2 

3 

30 

2 

0 

1 

91 ’ 

6 

0 

3 

42 

15 

2 

2 

i' ' 

69 

25 

3 

3 

Minor symptoms . . . . 1 

Moderate pain 

Severe pain 

Totals 

94 

100 

33 

100 

61 

100 
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TABLE III 

Residual Back Svmpto.ms Following Operation in Ninety-four Patients Fol- 
lowed FOR One Year or More 


Results 

1 

1 Whole Series 

Spines Fused 

Spines Not Fused 

No. 

Per Cent. 

1 

No. 

Per Cent. 

1 

No. 

Per Cent. 

Nornuil hack 

56 

60 

24 

73 

32 

52 

Mild weakness or pain 
Moderate weakness or 

30 

32 

7 

1 

21 

23 

! 

38 

pain 

Severe weakness or 
pain (pseudarthro- 

5 ' 

1 

5 

1 

3 

1 

1 

7 

sis) 

3 

3 

1 

3 

2 

3 

Totals 

1 

94 

i 

100 

33 

100 

61 

100 


out of three cases, the spine has, therefore, been fused. The criteria for 
fusion liave varied with the personal convictions of the surgeon in charge, 
but in general, if the patient was a laboring man or indulged in active 
athletics; if, at operation, there seemed to be abnormal mobilitj^ of the 
involved vertebrae; and if the laminectom}'^ was extensive or required 
sacrifice of an articular facet, fusion was performed. The results in the 
fused and unfused cases are compared in Tables II and III. Seventy- 
three per cent, of the patients having fusion considered their backs of 
normal strength, whereas only 52 per cent, of those without fusion had no 
complaints. The two patients who had recurrence of the disc protrusions, 
pi’oved b}’’ operation (referred to above), had not had spine fusions done 
at the time of the first operation, and it is possible that an unfused spine 
is more likel}'^ to have further protrusion of disc tissue than one which is 
fused. 

Ten cases of probable ruptured intervertebral disc ivith positive 
lipiodol examination have been treated conservativel}'^. One is free of 
symptoms; the others have back and leg pain of greater or lesser sei'erity. 

There are certain drawbacks to spine fusion. It prolongs the opera- 
tive time somewhat, subjects the patient to a certain additional operative 
risk and to a somewhat more prolonged conA'alescence. This series of 
cases is as yet too small to allow definite conclusions to be drawn, but 
there is a place for spine fusion at the time of laminectomj'' in perhaps 20 
to 30 per cent, of the cases of protruded intervertebral discs. 

The end-result study of trventy proved cases, in which there was com- 
pensation involved and the patients’ medical expenses were paid b.A’’ an 
insurance companj’’, reveals that nine, or 45 per cent., have resumed their 
original occupation and consider themseh'^es fullj^ recovered. Six, or 30 
per cent., are at ivork at lighter jobs. Fiire, or 25 per cent., are still re- 
ceiving compensation or have litigation pending and con.sider themseh es 
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disabled. Three additional patients have had recent operations, and the 
result cannot j^et be determined. The fact that 75 per cent, of these 
cases have returned to some type of work leads to the belief that there is 
justification in e.xpecting cooperation from insurance companies in the 
attempt to rehabilitate otherwise totally incapacitated patients. 

There is a serious dilemma facing the medical profession with regard 
to who shall treat these cases, and although the situation has been dis- 
cussed verbally, little has been put into writing. The neurosurgeon and 
the orthopaedic surgeon each have an interest in the situation. The 
neurosurgeon by reason of training, experience, and skill in handling nerve 
tissue is in general better equipped to perform the laminectom}^ than the 
average orthopaedic surgeon. However, he has had little or no experi- 
ence in the recognition and conservative treatment of mechanical low- 
back disabilities, in the indications for and technique of spine fusion, and 
in supervision of the muscular rehabilitation exercise program which is so 
necessaiy in the postoperative care of tire patients. The orthopaedic 
surgeon, by virtue of his training, has these qualifications. Who then 
shall care for cases of protruded intervertebral disc? It would seem that 
a competent orthopaedic surgeon should be placed in charge of every case 
of chronic mechanical low-back disability with or without sciatica. If 
conservative treatment fails or seems to him inadvisable, he should then 
call in consultation a neurosurgeon before lipiodol roentgenography or 
other complicated investigative procedures are initiated. The decision 
as to whether myelography is indicated, whether spine fusion should be 
done at the time of laminectonyy, and so on, is discussed after the neuro- 
surgeon has made a thorough examination of the patient. If spine fusion 
is indicated, the orthopaedic surgeon should join the operative team and do 
this part of the operation. He should also supervise the program of post- 
operative exercises designed to restore the patient’s phj'^sique to normal. 

SUMMARY AND CONCLUSIONS 

Posterior protrusion of one of the lumbar intervertebral discs into the 
spinal canal is one of the most common mechanical derangements of t w 
low back in patients suffering from intractable sciatic pain. The leg 
is due to direct pressure of the displaced intervertebral-disc tissue on one 
or more roots of the cauda equina. In addition to this lesion, there ma} 
be found associated thickening of the ligamentum flavum, chionic a 
hesive arachnoiditis, h 3 ’^permobility of the involved vertebrae, an oe e 
of the involved nerve roots. Although the etiology of posteiioi 
protrusions is not perfectlj’’ clear, trauma to and degeneiative ^ 
the intervertebral discs alone or in combination seem to e le 

causes of posterior protrusion. _ , • j^g 

Among the most common and characteristic sj^mptoms an 

are intractable sciatic pain following a lifting injuij^, • jjnd 

limitation of back motion and of straight-leg raising, scia ic 
lumbar kyphosis, tenderness over the lower lumbar spinous pio 
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absence of the ankle jerk. Tlic total protein of the spinal fluid is usually 
elevated. There arc no changes on the routine roentgenograms charac- 
teristic of ruptured intervertebral discs, but narrowing of the fourth lum- 
bar disc is of some importance if the clinical picture is characteristic. 
Lipiodol examination is highly accurate in making the correct diagnosis 
and in localization of the lesion, but because of potential danger, the use 
of lipiodol should be reserved for cases in which surgeiy is necessaiy. 
Pncumomyclograply’- and clinical localization of the lesion ma3r make the 
use of lipiodol necessaiy in not more than one-half the cases. Conserva- 
tive treatment should be tried in eveiy case of suspected protrusion of the 
intervertebral discs unless there is obvious serious nerve-root pressure, as 
shown bj" objective sensoiy or motor disturbance. Bed rest and im- 
mobilization of the lumbar spine in a plaster jacket seem to be the most 
effective means of conservative treatment. 

Surgical treatment consists in the removal of the ruptured disc frag- 
ment through as small a laminectom3'’ incision as possible. Spine fusion 
at the time of the laminectom3" seems to give definite^ better results than 
laminectom3" alone. 

Of ninet3’’-four cases of proved ruptured intervertebral disc followed 
for at least one 3"ear after operation, 77 per cent, had complete relief of 
sciatic pain, and an additional 18 per cent, had onty minor leg pain. 
There were two proved cases of recurrent ruptures in this series. 

The relief of back s3TOptoms was not as satisfactor3’' as the relief of 
the radiating leg pain. Seventy-three per cent, of the patients in whom 
the spine was fused and 52 per cent, of the patients vithout fusion had no 
back symptoms. The rest had complaints of backache or weakness of 
varying severit3L In a small series in ivhich insurance compensation ivas 
involved, 45 per cent, of the patients have been returned to their original 
occupation. 

REFERENCES 

1. Barr, J. S. : “ Sciatica ” Caused by Intervertebral-Disc Lesions. A Report of Forty 
Cases of Rupture of the Intervertebral Disc Occurring in the Low Lumbar Spine 
and Causing Pressure on the Cauda Equina. J. Bone and Joint Surg., XIX, 323, 
Apr. 1937. 

2. Barr, J. S. : Intervertebral Disk Lesions as Cause of Sciatica. British Med. J., II, 
1247, 1938. 

3. Barr, J. S.; Hampton, A. 0.; and Mixter, W. J.: Pain Low in the Back and 
“Sciatica” Due to Lesions of the Intervertebral Disks. J. Am. Med. Assn., CIX, 
1265, 1937. 

4. Camp, J. D.: The Roentgenologic Diagnosis of Intraspinal Protrusion of Inter- 
vertebral Disks by Means of Radiopaque Oil. J. Am. Med. Assn., CXIII, 2024, 
1939. 

5. Chamberlain, W. E., and Young, B. R.: The Diagnosis of Intervertebral Disk 
Protrusion by Intraspinal Injection of Air. Air Myelography. J. Am. Med. 
Assn., CXIII, 2022, 1939. 

6. Hampton, A. O., and Robinson, J. M.: The Roentgenographic Demonstration of 
Rupture of the Intervertebral Disc into the Spinal Canal after the Injection of 
Lipiodol with Special Reference to Unilateral Lumbar Lesions Accompanied by 


VOL. XXIII. no. 2. APRIL 1941 



456 


J. S. BAMl AND W. J. MIXTER 


Low Back Pain with “Sciatic” Radiation. Am. J. Roentgenol., XXXVI, 782, 
1936. 

7. Hampton, A. 0., and Kubik, C. S.: Removal of Iodized Oil by Lumbar Puncture. 
New England J. Med., CCXXIV, 455, 1941. 

8. Love, J. G.: Protruded Intervertebral Disks with a Note Regarding Hj^pertrophy 
of Ligamenta Flava. J. Am. Med. Assn., CXIII, 2029, 1939. 

9. Mixter, W. j., and Barr, .1. S.; Rupture of the Intervertebral Disc with Involve- 
ment of the Spinal Canal. New England J. Med., CCXI, 210, 1934. 

10. Better, C. K.; Methods of Measuring the Pressure of the Intervertebral Disc. 
J. Bone and Joint Surg., XV, 365, Apr. 1933. 

11. Saunders, J. B. de C. M., and Inman, V. T.: The Intervertebral Disc; a Critical 
and Collective Review. Internat. Abs. Surg., LXIX, 14, 1939. 

12. Saunders, J. B. de C. M., and Inman, V. T.; Pathology of the Intervertebral Disk. 
Arch. Surg., XL, 389, 1940. 

13. Spurling, R. G., .\nd Bradford, F. K.; Neurologic Aspects of Herniated Nucleus 
Pulposus at the Fourth and Fifth Lumbar Interspaces. J. Am. Med. Assn., CXIII, 
2019, 1939. 


THE JOURNAL OF 


bone and joint SURGERI 



SPINE FUSION FOR PROTRUDING INTERVERTEBRAL DISCS 

BY BENJAMIN P. EABnEBL, M.D., AND WILLIAM B. MACCRACKEN, M.D., 

NEW YORK, N. Y. 

From Ihc New York Orthopaedic Dispensary and Hospital, New York, N. Y. 

During the six years since Mixter and Barr published their first work 
on protrusion of the intervertcliral disc as a cause of low-back pain and 
sciatica, there has been a gi-owing consciousness of this condition and a 
growing use of laminectomy in its treatment. The literature on the sub- 
ject very often suggests that the clinical picture is typical, the diagnosis 
easy and definite with or without lipiodol or air mj'^elography, and that 
the onl}" treatment to be considered is laminectomy u'ith the removal of 
the offending portion of the intervertebral disc. 

Certainh’^ if ]irotrusions of the intervertebral disc are common today, 
due to tears of the annulus fibrosus or actual herniation of the nucleus 
pulposus, the}'’ must have existed to the same extent before the last six- 
year period. If these protrusions cause symptoms today, they must have 
caused the same symptoms in the past and driven patients to the medical 
profession. 

Before the era of recognition of disc protrusion, these cases would 
have been, in the most part, indistinguishable from cases of low-backpain 
and sciatica attributed to di.sturbances at the lumbosacral or sacro-iliac 
joints. At the New York Orthopaedic Dispensary and Hospital the 
sacro-iliac joint has not been considered a common cause of this syndrome, 
and the condition has been explained in most cases on the basis of insta- 
bility'' or mechanical inadequacy of the lumbosacral joint. 

In the years from 1914 to 1936 inclusive, those patients who were 
operated upon for low-back pain and sciatica were treated in the main by 
lumbosacral fu.^ion. Since the development of the Ober fasciotomy in 
1934, this procedure has been used, with or without spine fusion, but to a 
less extent than fusion alone. In 1937 laminectomy combined with fu- 
sion, and occasionally laminectomy alone, was done in cases where there 
seemed to be suflicient evidence of intraspinal pathology. 

To date there have been thirty-three laminectomies. In three of 
these no pathology was found. The other thirty included ten protrusions 
of the intervertebral disc, five cases of hypertrophy of the ligamentum 
flavum, one extradural scarring, two neurinomata, one varicosity along a 
nerve root, and eleven cases of adhesive arachnoiditis. Four cases of pro- 
truding disc and two cases of hypertrophy of the ligamentum flavum had 
arachnoid adhesions as well. 

This variety of conditions, not specifically diagnosed before operation, 
is evidence of the difficult}’’ in accurate clinical diagnosis of intraspinal 
lesions. In most of these conditions, spinal puncture, with manometric 
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and total-protein determinations, is of very doubtful differential value. 
One case, an inoperable neurinoma of the cauda equina, showed a total- 
protein content of 250 milligrams per 100 cubic centimeters above the 
level of the lesion, and xanthochromic fluid was obtained from the lesion 
itself. In the other cases there was no evidence of block, and the protein 
determination gave no indication of the type of pathology later found at 
operation. 

TABLE I 


Relation of Total Spinal-Fluid 

Protein 

to Pathology Found 

AT Operation 


Pathology 


Total Spinal-Fluid Protein 


Cases 

{Mg. per 100 c. c.) 

Disc'’protrusions without adliesions 

10 

58 

All disc protrusions (4 with adhesions) .... 

14 

64 

Adhesions alone 

11 

68 

All with adhesions 

17 

68 

All without disc protrusion or tumor 

18 

08 

No pathology 

3 

61 


Satisfactory myelography would do much to establish a definite 
diagnosis, but the authors have not found air myelography satisfactory , an 
they consider lipiodol too potentially harmful a substance to be emplo} e 
There may very well Ije cases of true compression of the nerve roots 
by protruding intervertebral discs, and certainly sciatic pain is occasion 
ally associated with new growths within the spinal canal, but the peates 
number of the authors’ laminectomies revealed arachnoid adhesions e 
tween the nerve roots, or a disc protrusion small enough to allow the nerv 
roots adequate passage. They found only one large herniation, 1 by • ^ 
2.0 centimeters, apparently causing considerable nerve-root 

It has not been proved that a disc protrusion which meie y f 
one or more nerve roots can cause symptoms in the absence ” 
Certainly the nerve roots are normally angulated about many s , 

in their normal course, and the spinal cord itself is often severe y 
at a tuberculous kyphos without the production of any nerve much 
If the small disc protrusions cause nerve-root symptoms i 
more reasonable to believe they do so by repeated sli mg o 
over this protrusion Avith spine motion, than that they ac ua y 

a nerve which is free to move away from the protrusion. .Wrusion 

It is even more reasonable to believe that the small 
may often be an inconsequential element of a poss y rms a e . 
system. The stability of the lumbosacral joint depends 

any one feature of its structure, but upon ,• lations, the 

ments and their relationship. The nature of the arch art 
angle of the superior surface of the sacrum, t ® j g^cmlization 

impinging spinous processes, and of anoma les sue as be 

of the fifth lumbar vertebra, as well as degenerative changes, mv 
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considered. A small disc protrusion, occurring in 15 per cent, of Beadle’s 
series of spines, would seem to bo merely another factor to be considered 
in relation to the others. 

Radicular pain resulting from a fractured vertebra or arthritic lipping 
with ])ressurc on the nerve roots has long been known to be amenable to 
immobilization b}’’ bed-rest, or spontaneous or surgical fusion. 

Before the era of laminectomy for sciatic pain, most of the cases of 
protruding disc and arachnoid adhesions were undoubtedly fused. Either 
these patients were cured liy fusion or must still ha\'e their pain, and present 
neurological signs. Those who had intraspinal pathology of any nature 
should be found large!}'- among those patients who had neurological signs 
before fusion. 

A stud}' has been made of 175 cases treated by lumbosacral fusion for 
typical sciatic pain. Neurological examinations in this group were often 
omitted or inadequately done before the possibility of protruding discs 
was known. Howei'er, fort 3 '--six patients were found who had some or all 
of the abnormal neurological signs, now commonly attributed to protru- 
sion of an intervertebral disc. 

These forty-six patients include those with but few neurological 
signs, as well as those in which there was a fairly typical picture of nerve- 
root compression, as evidenced by unilateral calf atrophy, weakness of the 
anterior tibial and peroneal mmscles, absence of the ankle jerk, and sen- 
sory loss in the lateral calf. Some have had even more marked changes, 
with complete foot-drop. It has been possible to see twenty-seven of 
these patients for this study and they have been compared with twenty- 
one of those who had had laminectomy fusions. 

The results in the group with spine fusions were almost the same as 
the results in the group with laminectomy fusions. 

TABLE II 

Results of Operative Treatment for Sciatic Pain 


Average Relief 75-100 Per Cent. Relief 
of Pain of Pain 

Treatment Cases (Per Cent.) (Per Cent.) 

Fusion 27 85 83 

Laminectomy-fusion 21 84 87 


Five patients have had laminectomy following fusion. Of these, one 
had a protrusion of the intervertebral disc above the fusion, two had 
arachnoid adhesions, and one had extradural scarring. The fifth had 
laminectomy done in spite of a pseudarthrosis of the original spine fusion, 
because the neurological signs were not thought attributable to a pseudar- 
throsis alone. No intraspinal pathologj'- was found in this case. In 
these five cases there was none with any appreciable improi’ement fol- 
lowing laminectomy. 

An examination of the reontgenograms of the thirt 3 '--threp patients 
who have had laminectomy, revealed twenty'-seven lumbosacral joints 
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classified as severelj’- unstable; five as mildl}' unstable; and one as stable. 
This last patient had the large disc protrusion pl•e^douslJ^ mentioned. 

A comparison with a group of cases fused for sciatica, without aiiy 
abnormal neurological signs, shows very little dilference in the roentgeno- 
graphic findings of the two groups; nor is there any outstanding roent- 
genographic difference betweeji the laminectomy cases where a protruding 
disc was found and those where it was not found. 

In summary, the diagnosis of protruding intervertebral disc is not 
one easily made. Clinical examination, spijial puncture, roentgenograms, 
and air myelogram.s harm, in the autliors’ hands, been ineffectual in estab- 
lishing an accurate diagnosis. Further, spine fusion alone has accom- 
plished in many cases, which were clinicaily indistinguishable from pro- 
truding-disc eases, as good results as laminectomj'' and spine fusion with 
the removal of the disc protrusion. Theoretically, the majority, if not 
all, of the cases of protruding intervertebral disc can be relieved by fusion 
alone. 

The authors submit that the need for laminectomj'' in treating pro- 
truding intervertebral disc has never been establi.slied. They present 
presumptive evidence that spine fusion alone is as effective as laminec- 
tomy and fusion, and suggest that fusion alone, a theoretically sound pro- 
cedure, maybe the treatment of choice. 
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Note 

The paper on Sacro-Iliac Conditions presented by Marius 
Petersen, M.D., as part of the Symposium has not been receive 
lication. — T/ie Editor. 
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LOW BACKACHE AND SCIATIC PAIN ASSOCIATED WITH 
SPONDYLOLISTHESIS AND PROTRUDED INTERVERTEBRAL 
DISC: INCIDENCE, SIGNIFICANCE, AND TREATMENT 

BV IIENRV W. MEVEKDING, iM.D., ROCHESTER, MINNESOTA 
From the Section on Orthopaedic Surqcry, The Mayo Clinic 

Tlic occvuTcncc of sciatic jiain associated ivith spond 3 dolisthesis will 
become of increasing significance, will influence diagnosis and treatment, 
and Avill once more demonsti-ate the importance of cooperation among the 
roentgenologist, neurologist, and orthopaedic surgeon. Low backache is 
the most common s.vmptom of spond.ylolisthesis, and it is equallj", if not 
more, common among patients who have protrusion of an intervertebral 
disc. Sciatic pain, on the other hand, is common among those patients 
who have protrusion of an intervertebral disc, and occurs among onl}^ a 
small percentage of the patients suffering from spondjdolisthesis. Al- 
though it is true that knowledge of the incidence of sciatic pain in the 
presence of spond.vlolisthesis is veiy limited, recent developments have 
shown the need for careful consideration of the possibility of a coexisting 
protrusion of an intervertebral disc causing the sciatic pain. At The 
Majm Clinic the diagnosis of protrusion of an intervertebral disc, causing 
sciatic pain, has been made in patients for whom a diagnosis of spond}'’- 
lolisthesis vith backache also had been made, and in whom the findings 
at operation substantiated such diagnosis. 

To determine the incidence of low-back pain and sciatica among pa- 
tients suffering from spondjdolisthesis, histories have been reviewed of 
745 patients for whom such a diagnosis was made from 1918 to 1939 in- 
clusive. Eight}’- patients, or 10.7 per cent., were found who were so 
afflicted. A much larger percentage of patients suffering from spondj^- 
lolisthesis had vague refeired pain and paraesthesia of the buttocks, hips, 
and thighs that were aggravated bj^ activity, such as hard labor, standing 
for long hours at a time, or injuiy. The majority of the eighty patients 
who had associated sciatic pain were referred to the Section on Neurologj^ 
for further investigation, because the orthopaedic surgeon thought that, 
from the degree of the sj’mptoms, possiblj'- other factors were involved 
than those in his diagnosis. The truth of this suspicion became evident 
as knowledge regarding the etiologj'^ of spondjdolisthesis and its compli- 
cations became greater. Table I demonstrates that sciatic pain is more 
common among males than females — 78.8 per cent, to 21.2 per cent. — 
and occurs most frequentlj'^ during the jmars of active life. Seventj'-seven 
and five-tenths per cent, of the instances of sciatic pain occurred among 
patients between the ages of twenty and fifty j^ears. The average age 
of these patients was 41.1 jxars; the average age of the males was 40.2 
j’^ears ranging from fourteen to seventy-three; the average age of the 
females was 44.2 j^ears, ranging from twentj’-one to eightj'. 
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TABLE I 

Incidence by Sex and Age of Spondylolisthesis with Backache 

AND Sciatic Pain 


Age by 
Decades, 
(Fears) 

I Total Patients 

1 

Male 

Female 

Number 

Per Cent. 

Number 

Per Cent. 



0-9 

0 


0 


0 


10-19 

1 

1.2 

1 

1.6 

0 


20-29 

19 

23. S 

15 

23.8 

4 

23.5 

30-39 

26 

32.0 

23 

36.5 

3 

17.6 

40^9 

17 

21.3 

12 

19.0 

5 

29.4 

50-59 

11 

13.8 

8 

12.7 

3 

1 

17.6 

60-69 

4 

5.0 

3 

4.S 

1 

5.9 

70-79 



1 

1.6 

0 




^9 

0 


1 

5.9 

Total 

so 

1 

100.0 

63 

100.0 

17 



Trauma is an important medicolegal question in the presence of sciatic 
pain. Frequently the causation of a disabling sciatic pain is difficult to 
ascertain, and the employee and employer look to the plij^sician for advice 
in settling compensation claims. When spondylolisthesis complicates 
the clinical picture, the question is even more perplexing and taxes tie 
diagnostic abilitj'^ of the most expert phj'^sician. As a rule, patients v o 
have low backache and sciatic pain associated with spond3do ist esis 
have had s^miptoms for jmars; some had backache at the time o ’ 

and later began to suffer from acute sciatica following a stiain oi ’ 

others had no definite single incidence of trauma, but weie engage J 

occupations that entailed strenuous exertion. In a previous pu ’ 

the author has shown that in about 10 per cent, of the cases in v 
diagnosis of spond3dolisthesis had been made, the patient ic no 
plain of pain referable to the back, and that the diagnosis was ^ _ 

dentally during the routine physical examination or during me 
graphic examination of other parts of the body. ecause 
backache and paraesthesia found in association with 
are as a rule relieved b3' rest and aggravated b3^ n oi v, ^Yhea 

have often led to the opinion that the patient was a ma mg 
the picture is confused by sciatic pain following strain or m]u 3 , 

spinal pressure must be considered. , r^rl^rlnlisthesisare 

The author believes that patients afflicted ^ those 

more likely to have protrusion of an intervertebral ^ tor in 

who have a more stable spinal column. Trauma is a definite 
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TABLE II 

Guade op Spondylolisthesis with Backache and Sciatic 
Pain in Relation to Histohy or Trauma 


Glade 

Tiauina 

No Trauma 

Total 

Number 

Pci Cent. 

Numbei 

Per Cent. 

Number 

Per Cent. 

1 

28 ! 

1 

G5 1 

21 1 

56 8 

49 

61 2 

2 

13 

30 2 

11 

29 7 

24 

30 0 

3 

2 

4 7 

3 

1 

8 1 

5 

6 3 

4 

0 


2 

5 4 

2 

2 5 

Total. 

43 

100 0 

37 

100 0 

SO 

100 0 


this condition. In this series of eighty patients, forty-three, or 53.8 per 
cent, had a history of trauma. Eleven of the seventeen classified as 
having suspected protrusion of a disc gave a histoiy of trauma. These 
eleven constituted 25.6 per cent, of the forty-three who had a histoiy of 
trauma, and 65 per cent, of those suspected of having a protruded disc. 
The remaining six patients constituted onl}'- 16.2 per cent, of the thirty- 
seven who gave no histoiy of trauma. It is the author’s opinion that 
fusion of the lumbosacral region is desirable in those cases of spon- 
d3dolisthesis, with s 3 '^mptoms of protruded disc in which the surgeon is 
unable to demonstrate the disc at the time of the operation. This 
fixation of the spinal column will prevent movement and slipping, and is 
the most certain method of preventing additional s 3 'mptoms of backache 
and sciatic pain. 

TABLE III 

Incidence and Location op Sciatic Pain in Relation 
TO Grade of Spondylolisthesis 


Sponci 3 ’lolis- 
thesis, Grade | 

1 

Total Patients 

Location 

Right 

Left 

Bilateial 

No. 

Per Cent 

No 

Per Cent 

No. 

Per Cent 

No. 

Per Cent. 

1 

49 

1 

61 2 

23 

58 9 

17 

68 0 

9 

56 2 

2 

24 

30 0 

12 

30 S 

7 

28 0 

1 

5 

31 2 

3 

5 

6 3 

3 


1 

4 0 

1 

6 3 

4 

2 

2 5 

1 

2 6 

1 

0 


1 

6 3 

Total. 

SO 

100 0 

39* 

100 0 

25t 

100 0 

161 

100 0 


* 48 8 per cent, of total of eighty cases 
t 31.2 per cent of total of eighty cases 
i 20 0 per cent of total of eighty cases 
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TABLE IV 

Comparative Incidence of Diagnosis of Protruded Intervertebral 
Disc in Eighty Out of 745 Spondy'lolisthetic Patients with Sciatic 
Pain and Backache Seen from 1918 to 1937, Inclusive, and from 
1938 TO 1939, Inclusive 




Suspected Protruded Disc 


Ciiycs 

1 

Number 

Per Cent. 

1918 to 1937 

55 

2 1 

3.6 

1938 to 1939 

25 

15 

60.0 

Total 

SO 

17* 

21.3 


* 2.3 per cent, of 745 spond 3 'lolistlietic patient.s. Si.v of tlie seventeen, or 0.8 per 
cent, of 745 cases with suspected protruded discs, were operated upon. 


The most common spinal anomaly which this stud}’’ revealed was 
separation of the neural arch which was noted in tivent 3 '-nine patients, or 
36.3 per cent. Evidence of spondylitis or hypertrophic changes was 
noted in thirteen, or 16.3 per cent., and of sacro-iliac arthritis in three, or 
3.8 per cent, of the roentgenograms of the spinal column. 

The incidence and location of sciatic pain in comparison to the grade 
of spondylolisthesis are presented in Table III. It is interesting to note 
that pain in 91.2 per cent, of all cases, and 89.7 per cent, with sciatic 
pain on the right side, occurred in the presence of Grades 1 and 2 o 
spondylolisthesis, the lessor degrees of displacement. In the cases in 
which the condition was bilateral, 87.4 per cent, of instances of pain oc^ 
curred in Grades 1 and 2. Marked displacements (as represente ^ 
Grades 3 and 4), are accompanied b}'^ fewer, not, as might be expecte , 
more complaints, than are the lesser grades, indicating that theie nia} 
be some factor other than spondylolisthesis involved in the pioduction o 


the sciatic pain (Table III). , 

The significance of sciatic pain which is associated wit ^ 

lolisthesis was discussed at The Mayo Clinic w'hen operations _ 

sion of intervertebral discs -were begun. Investigation of this a 
dition soon made it evident that suspicions ivere justifie . 
neurological investigation, including spinograms, is now’ a lou 
cedure for those patients wdth sciatic pain for w^hom t le 
spondylolisthesis has been made. This is especially 
those w’ho have diminution or loss of the Achilles re ex, wi ^P ’ 
ness, or paraesthesia. As a result of cooperation e ween 
genologist, neurologist, and orthopaedist, the inci • ^yith 

intervertebral discs diagnosed in association 'rtth 7 ondjdol.sftes,s 
sciatic pain has increased enormously since 1937 (a e . 

Figures la, !(,. 2o, and 2i. demonstrate why roots, 

body of a vertebra atone will not cause impingemen 

™ero„..swco,oose.snro.sr».o». 
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Fig. la: Schematic drawing illustrating the normal relationship of the cauda 
equina and spinal column. On the right is a cross section of the spinal column in 
tlie lumbosacral region, showing ample space about the spinal cord. 

Fig. 16 : The relationship of the cauda equina and spinal column in the presence 
of spondj’lolisthcsis, grade two. On the right is a cross section of the spinal column 
in the lumbosacral region, showing the relationship of the spinal cord to the sur- 
rounding structures in the presence of spondylolisthesis, grade two. 

The neural arch remains behind and, although the cauda equina and roots 
may be slightly sti-etched, there is enough room, in the large spinal canal, 
to prevent direct pressure on the cauda equina. In patients with the 
congenital t3"pes of spond.ylolisthesis, and in those in whom development 
was slow, there is rarelj’’ anj’’ paral3'’sis, because nature compensates for 
stretch and pull. In the cases in which the injuiy is acute and severe, 




Fig. 2 

Fig. 2a: Schematic drawing illustrating a protruded intervertebral disc without 

spondylolisthesis. , j i i • 

Fig. 26: Protruded intervertebral disejn the presence of spondiJolistncsis. 
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with fracture or rotation of a vertebra or vertebrae, it is obvious that 
evulsion of nerve roots, pressure of bone fragments, hematomata, and 
paralysis of the caudal segments may occur. Thus, it Avould seem that 
the common symptoms of spondylolisthesis, such as backache, pain, and 
paraesthesia referred to the buttocks and legs, are the results of instability 
of the lower portion of the spinal column with subsequent irritation and 
strain, rather than the results of direct pressure. The protruded disc, on 
the other hand, maj'- cause direct pressure on the nerve roots. When the 
protrusion occurs in the center, bilateral distribution of pain ma}’- result, 
but when the protrusion is to the side, pain arises from the corresponding 
nerve-root distribution and sciatica results. 

Conservative treatment of patients suffering from sciatic pain in the 
presence of spondylolisthesis, consists of rest by recumbency, use of ex- 
ternal appliances and physical therapj'^ measures, such as the application 
of heat and medication. Elevation of the flexed legs with traction so that 
the bod}'’ is partiallj'- suspended, fixation in a plaster cast, or traction by 
means of double Buck’s extension, and a firm bed, may aid in giving the 
patient comfort. Patients have been seen for whom all means of com- 
bating the backache and sciatic pain had failed, for whom conservative 
measures had been initiated without relief, and the author is, therefore, 
firmly convinced that such measures are of little permanent value. In 
spite of accurate diagnosis and explanation as to the cause of a patient's 
disabilitj'’, there will always be those who refuse surgical treatment and 
who will have to be treated conservatively. The lumbosacral corset vith 
reinforced steel stays, when worn persistently, and local applications of 
heat, are, when they are combined with medication, perhaps the most 
efficient non-surgical measures. In the present series of eighty patients, 
who had spond 3 ’’lolisthesis associated with a sciatic pain, conservative 
measures were carried out for forty-nine, or 61.3 per cent.; surgical fusion 
was performed for twentj^-five, or 31.3 per cent.; and surgical fusion wit 
removal of a protruded intervertebral disc was performed for six, or 
per cent. _ j 

To insure relief of the sciatic pain and backache associated m i 
spondylolisthesis, treatment must consist of immobilization of the um 
bosacral region and relief of intraspinal pressure. At the Clinic, insei ion 
of bone grafts alone in an attempt to relieve sciatic pain in sue , 

not considered sufficient. Removal of the protruded disc combine rw 
the added safeguard of lumbosacral fusion is the method of choice. ^ 
results from such a procedure have proved to be encouraging ^ 
limited instances in which the patients have accepted this form o ^ 
treatment. There is no doubt that some of the patients may o 
measure of relief from surgical fusion alone. The author e 
ever, that such benefit -would be partial onlj' and nevei 
that the danger of recurrence of symptoms, the hazai ^ ® advisable 
operation, and the delay of prolonged disability would ma e i 
to remove pressure from the nerve root in every patien m 
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protrusion of an intervertebral disc. In the past this complication of 
spondylolisthesis was not recognized, and no doubt some patients who 
underwent the oiieration of spina! fusion, and received partial relief of 
S3miptoms, still have the offending discs that cause continued suffering. 

A combined operation, the technique of which consists of laminec- 
tomy with removal of the protruded disc, and fusion of the lumbosacral 
portion of the .spinal column, has given gratif3dng results. It is usuall3r 
performed with the patient under spinal or general anaesthesia and re- 
quii-es two sui-gieal teams. fVhile the neurological surgeons remove the 
discs, the orthopaedic surgeons remove from the tibia the sections of bone 
for grafting. The time consumed in this first stage permits the immediate 
insertion of the grafts into the lumbosacral region and thus saves the pa- 
tient an unusualbv long period of surgical treatment. In this procedure 
the neurosurgeon prepares the bed for the grafts and performs the lamin- 
ectom3'. Should there be considerable defect in the lamina, following the 
removal of the disc, the surgeon ma3' use a graft of periosteum, sutured so 
that it covers the defect. To insure a strong bon3^ support, two grafts are 
usuall3^ inserted, together with numerous fragments and cancellous bone 
that have been removed with a curet from the upper end of the tibia. 
The sides of the spinous processes, lamina, and facets are further rough- 
ened with a chisel or curet to insure bon3'- approximation and ultimate 
fusion. The region which is usuall3'’ fused consists of the third, fourth, 
and fifth lumbar, and the first two sacral vertebrae. The resultant mass 
of bone is the most secure fixation of the lumbosacral region that the 
author has been able to devise, and results from an application, with 
modifications, of the principles of fusion brought out 63’- Albee and 
Hibbs. Roentgenograms taken subsequently show bony fixation. At 
the end of two weeks, during which time the patient has been kept re- 
cumbent and turned over three to four times a da3’', the incision is in- 
spected and the stitches are removed. The patient is kept in bed for six 
to eight weeks following operation, and then is advised to wear a steel, 
feinforced, lumbosacral corset for six to eight months. A period of a 
year vdll elapse before the patient makes a maximal improvement, al- 
though there are some cases in which the patient is able to return to his 
usual occupation in much less than a 3'^ear. AVhen it is necessaiy for the 
patient to return home or to be moved some distance in less than six to 
eight weeks, a double plaster spica cast, applied so that it e.xtends well 
up on the chest, will make this possible without much danger. 

KEPORT OF CASES 

Case 1. A man, aged forty-four years, reported to the Clinic on May 11, 1939, 
complaining of low backache, recurring shooting pain extending down the left leg, and 
foot-drop. About twenty-six years prior to his admission, he had often experienced, in 
athletic work, periodic pain in the back that sometimes shot doum the left leg. This 
condition had continued to be aggravated bj’ walking. He had been treated for arthritis. 
Five years prior to his admission an accident had aggravated the condition and two 3 ’cars 
later he had noticed progressive foot-drop developing. In spite of various treatments 
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and recumbency for a period of months, he was disabled and the pain had become 
progressively worse. 

Examination revealed spondylolisthesis, grade one, of the third lumbar vertebra on 
the fourth, spondylitis with lipping, and left foot-drop; and absence of the Achilles and 
the external hamstring reflexes on the left, and of the Kernig and Las&gue signs. Ex- 
amination of the spinal fluid, done elsewhere, had revealed a protein content of 71 
milligrams per 100 cubic centimeters. 

A left laminectomy, performed with the patient under spinal anaesthesia, revealed 
a large protruded intervertebral disc at the level of the fourth interspace, and marked 
hypertrophy of the ligamentum flavum. The protruded disc and the hj'pertrophied 
portion of ligamentum flavum were removed. The nerve root was found to be stretched 
over the disc and was swollen to about three times its normal size. A tibial graft and 
multiple bone chips were inserted to obtain fusion. The patient left the hospital on the 
fifty-first postoperative day, relieved of sciatic pain and wearing a lumbosacral support. 
He has had an uneventful convalescence, to the time of this writing. 

Case 2. In a previous pulrlication, and in the exhibit presented before the American 
Academy of Orthopaedic Surgeons at the time of the meeting in Boston in January 1940, 
the author reported the case of a man, aged thirty-five, on whom he had operated for 
backache and left sciatica. A diagnosis of spondylolisthesis, grade one, of the fifth 
lumbar vertebra on the sacrum, and of protrusion of an intervertebral disc, was made. 
The protruded disc and hypertropliied portion of ligamentum flavum were removed, and 
a bone graft was inserted to produce fusion of the third, fourth, and fifth lumbar, and the 
first two sacral vertebrae. In tliis case the protruded disc had migrated from the fourth 
interspace to the lumbosacral region, and the fifth lumbar nerve had been stretched over 
it and become thickened. 


Case 3, A farmer, aged twenty-five, was admitted to the Clinic on June 19, 1939, 
complaining of backache with pain in the right leg. He stated that two years prior to 
his admission he had fallen twelve feet and landed on the buttocks Following the acci- 
dent he had experienced severe pain in the region of the coccyr, which disappeared in 
about two weeks. Four months prior to his admission , while engaged in heavy labor, the 
patient began to experience an aching pain in the lumbar region of the spinal column, 
which was aggravated by bending, lifting, weight-bearing, coughing, and sneezing, an 
which interfered with his sleep. Si.x weeks prior to his admission, sciatica developed on 
the right side, became severe in character, and extended into the heel. Furthermore, t e 
patient began to lose Aveight rapidly, losing fifteen pounds (seven kilograms) altoget er. 

Examination revealed tenderness over the region of the fourth and fifth um ar 
vertebrae, a positive Lasegue’s sign, absence of the Achilles reflex on the rig d, an 
total protein content in the cerebrospinal fluid of 35 milligrams per 100 cubic centime w 
There was an obvious depression of the lumbar portion of the spinal column, an so 
muscular spasm in the lumbar region with limitation of flexion. The roentgenogra 
revealed spondylolisthesis, grade one, with separation of the neural arch. 

Following neurological and orthopaedic consultation, a diagnosis o 
thesis with protrusion of intervertebral disc was made. The patient was a 
dergo laminectomy for removal of the disc, and bone graft for production o ^ 

lumbosacral region of the spinal column. He preferred to have conserve ive 
carried out first, and was sent home with a well-fitted lumbosacral corse . , 

The patient returned in about five weeks, and a right ,. p^tuni 

fifth lumbar vertebra was performed on August 3, 1939. A t ic ene jitter 

flavum and a huge classic protrusion of the lumbosacral disc weie oun . j,g]jgving 
was attached to a fibrous string of cartilage about 5 centiineters m eng » 
pressure on the nerve. Following the removal of the dmc, a 
placed on either side of the spinous processes to produce usion o le , 

lumbar and the first two sacral vertebrae. Multiple bone e ips uer 
these grafts. 

the journal of bone and joint s 



LOW BACKACHE AND SCIATIC PAIN 46^ 

Convnlescciicc was uneventful and the patient left the hospital on the forty-ninth 
postoijorative day, wearing a lumbosacral support. The incision was healed, and 
roentgenograms showed tlie graft to be in good position. Seven months following the 
operation the patient apparently had made an e.vcellent recoverJ^ 

Case -1. A man, aged thirty-seven, was admitted to the Clinic on November 29, 

1937, complaining of sciatic pain on the right side, of four months’ duration, which had 
been aggravated by activity, and relieved by rest and fle.vion of the thighs on the trunk. 
Twenty-seven years prior to his admission the patient had fallen and injured the coccyx. 
Following the accident he had been treated for “rheumatism" of the left leg. This 
condition gradually disajjpeared. Since the onset of his symptoms, he had lost fifteen 
pounds (seven kilograms). 

Examination revealed sciatic pain on the right side, and dental, tonsillar, and 
prostatic infection. The patient was advised to receive treatment for these conditions. 
Nine months later he again returned to the Clinic for examination because his pain had 
increased in severity in spite of the conservative measures that had been carried out. 
He still obtained relief following rest and flexion of the thighs on the trunk. The pain, 
which had been rather constant, was more marked on the right side, was aggravated by 
exertion, and noticeable across the right iliac crest and over the lateral aspect of the right 
calf. The lumbar portion of the spinal column was flattened, and there was muscular 
spasm, limited motion, and limitation of leg raising on the right. The protein content of 
the cerebrospinal fluid was 50 milligrams per 100 cubic centimeters. A diagnosis of 
protrusion of an intervertebral disc between the fourth and fifth lumbar vertebrae on the 
right, spond 3 ’lolisthesis, grade two of the fifth lumbar vertebra on the sacrum, was made. 
Results of urinalj'sis and the reaction of the flocculation test were negative, and the blood 
count was within normal limits. 

On December G, 1937, excision of a small portion of the right lamina of the fourth 
and fifth lumbar vertebrae was carried out. The ligamentum flavum, which was 
hypertrophied between the two vertebrae was removed. The nerve had been displaced 
posteriorl}’^ by the protruded underljnng disc. The nerve root was dissected out and the 
disc removed, which relieved pressure on the nerve. A bone graft was inserted to pro- 
duce fusion of the fourth and fifth lumbar and the first two sacral vertebrae. Convales- 
cence was uneventful. The patient was provided with a lumbosacral support. 

Case 5. A chauffeur, aged thirty-three, was admitted to the Clinic on November 7, 

1938, complaining of recurring pain in the back and left leg of eleven months' duration. 
Instantly following a heavy blow in the left side of the lower part of the spinal column, he 
had experienced terrific pain, and on the daj' following, pain had occurred over the sacro- 
iliac region. This pain had lasted for several daj^s, and later had extended down the 
left leg. It had been aggravated by coughing, sneezing, walking, standing, or lying down. 
He was most comfortable when sitting down. Results of roentgenograms, taken at that 
time, were reported to be negative. He had received phj'sical therapy administered by a 
cultist. A week prior to his admission he had suffered from some form of infection, and 
had been told that he had a congenital defect in the spinal column. 

Examination revealed a man of normal weight with normal blood pressure, pulse 
rate, and temperature. There was definite limitation of motion of the spinal column, 
with tenderness over the left sacro-iliac region, absence of the Achilles reflex on the left, 
and diminution of the knee and ankle jerks. 

Following orthopaedic and neurological consultation, the patient was advised to 
undergo an operation, which was performed on November 16, 1938. A left hemilamin- 
ectomy revealed spina bifida with defect of the neural arch and a grade-one spondylolis- 
thesis. The neurosurgeon noticed a posterior displacement of the first sacral vertebra, 
which was of a greater degree than that shown in the roentgenograms. There was a 
protruded disc at the fourth interspace, and both the fourth and fifth nerv-es were en- 
larged, as though they had been compressed. A bone graft was placed on the right of 
the spinous processes to produce fusion of the fourth and fifth lumbar and the first two 
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sacral vertebrae. The convalescence was uneventful and the patient left the hospital 
on the forty-ninth postoperative day. Subsequent roentgenograms revealed good posi- 
tion of the graft. About four months after the, patient left the hospital he fell. This 
fall was followed by backache, limited to the region of the operation. No other symp- 
toms occurred, and the pain disappeared in about two weeks. He had had no additional 
trouble with sciatic pain, and his general condition had improved. He was advised to 
continue to wear the lumbosacral support. He reported for observation May 23, 1939, 
and wished to return to work. He was advised to resume his usual occupation gradually 
and reported in June, 1939, that he had done so. 

SUMMARY AND CONCLUSIONS 

In the past two j'^ears the author has been impressed by the number 
of cases in which the patient had spondylolisthesis associated with sciatic 
pain and protrusion of an intervertebral disc. Protrusion of an inter- 
vertebral disc was diagnosed in fifteen of the twenty-five cases in which 
spondjdolisthesis was associated with sciatica, and the diagnosis was con- 
firmed in six cases in which operation was performed. 

The treatment which offers the gi-eatest benefit in the shortest period 
of disability and longest period of relief is surgical removal of the pro- 
truded disc and fusion of the last three lumbar vertebrae with the sacrum. 

Cooperation of the roentgenologist, neurologist, and orthopaedic 
surgeon is essential in determining the exact situation of the lesion in- 
volved in the production of the backache, sciatic pain, and spondylolis- 
thesis. Such cooperation has made it possible to diagnose the condition 
accurate^'’ and to give relief to the group of patients whose ailment hereto- 
fore has baffled the diagnostic efforts of even the most skilled surgeons. 

1. Meyerding, H. W.: Spondylolisthesis with Protrusion of Intervertebral Disk and 
Hypertrophied Ligamentum Flavum Associated with Multiple Loose ^ 
(Osteochondromatosis) of Right Shoulder Joint; Report of a Case. Proc. a 
Meet., Mayo Clin. XIV, 801, 1939. 
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FASCIOTOMY FOR SCIATIC PAIN 

BY FRANK R. ODER, M.D., BOSTON, MASSACHUSETTS 

Fasciotomy for the relief of demonstrable fascial contracture of the 
thigh has its place in the treatment of chronic lame backs and sciatic pain. 
It should not be considered as a “cure-all”, and is to be recommended 
only after a careful examination has been made and logical conclusions 
have been reached; otherwise, a helpful procedure will fall into dis- 
repute. This paper contains a report of eighty-six patients from our 
clinic on whom fasciotomy has been done for the relief of sciatic pain. 
Practically all of these patients had chronic lame back and in several 
cases this was of several years’ standing. The first patient was operated 
upon in May 1934, and the last one in Januaiy 1940. In thirty-one a 
bilateral fasciotomj'^ was performed at one operation, in fifteen the 
bilateral fasciotomy was performed on the two sides at different times. 
There were forty unilateral fasciotomies,- — twenty-seven left, and thirteen 
right. 

In the bilateral fasciotomj’- group of thirty-one patients, sixteen are 
perfectlj" well, thirteen have shown slow, stead}’- improvement, and one is 
moderatcl}'- relieved. In the group of double fasciotomies performed at 
different times, seven patients are Avell, seven have shown marked im- 
provement, and one is slightly improved. In twenty-se^’en patients with 
fasciotomy on the left, twelve have had excellent results, eleven are im- 
proved, one slightly improved, and two have received no help. Of the 
thirteen patients with operations on the right side, six are well, two im- 
proved, two slightly improved and three are not improved. In the eighty- 
six cases, forty-one have shown excellent results, thirt}'^-three improve- 
ment, five onty slight improvement, and five no improvement. There is 
no record in two cases. 

The first patient had a fasciotomy on the right side in May 1934, and 
this M’as followed six months later by a fasciotomy on the left side for me- 
ralgia paraesthetica. The patient has remained perfectly well ever since. 
He had a severe lame back which was cured after the first fasciotomy. 

Relief of the sciatica, following operation, ma}" be obtained immedi- 
ately or after a variable length of time up to a few months. The lame- 
back S 3 '^mptoms ma}'" continue for a longer period. The shortest history 
of sciatica was six weeks. This patient had such a very severe attack of 
sciatic pain that he was unable to feed himself. He received marked re- 
lief following the operation and was perfectly well in one month. Practi- 
cally every ease gave a history of lame back, and the duration of the lame 
back and sciatica, in a great many of these patients, covered many years, 
in some instances more than ten years. The sciatica was not always 
continuous, but came on or was aggravated when the lame-back condition 
returned, and usually lasted for months at a time. 
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TABLE I 

Resume of Results of Fasciotomy fob Patients with Sciatica froji 
May 1934 to March 1940 


Treatment 

No. 

Results 

Time Required to 
Relieve Back 
Symptoms 

<*3 

C 

CJ 

"v 

ej 

y 

Improved 

Slightly 

Improved 

C 

£ ^ 

0 p 

^ A 

No 

Record 

Longest 

(Tears) 

Shortest 

(Months) 

Majority 

{Months) 

Double Fasciotomy at 






II 




one operation 

31 

16 

13 

1 

0 

B 

2 

4 

4-8 

Double Fasciotom3' at 










two operations 

15 


7 

1 

0 

0 

2 

3 

3 

Single Fasciotomy, left 

27 



1 

2 

1 

1 

2 

3-6 

SingleFasciotomy, right 

13 


B 

2 

3 

0 

1 

2 

6 

Total 

SC 

41 

33 

5 

5 

2 

2 

2 

3-8 


Two of the group had had sacro-iliac fusion — one single and one 
double — without relief. Throe had had lumbosacral fusions with onlj' 
temporary relief, and two with no relief. Fasciotom}'’ helped the patient 
who had had double sacro-iliac fusion. In the single case in which there 
was a histor3>- of sciatica for twelve years, the fasciotom}^ which was bi- 
lateral and performed six years after the fusion, resulted in complete 
cure. The three cases of spinal fusion were cured or improved by fas- 
ciotomy. 

The abduction test was positive in every one of these patients an 
almost alwa3’'S present on both sides. In several instances, wheie t le tes 
was positive on each side and a unilateral fasciotomj'' for sciatic pain la 
been performed without relief, a later fasciotomy on the opposite si e 
gave complete relief. There were a small number of patients v o la 
sciatica later on in the opposite side and these insisted cm , 

operation on the second side. One of these patients had a , 

sciatica for ten jmars and operation stopped his pain wit in a ™ ^ 

Four years later he had sciatica in the opposite leg foi two oi . , 

and insisted on the same procedure for that side. Theie vas c 

relief ivithin three weeks. , +i.oc!p Inve 

There have been only a few cases with recurrences and 

usualty been slight and of temporaiy duration, an j.g. 

servative treatment. In one case a ruptured nucleus pu P 
moved and fusion was done. The sciatica returne Roam 

was repeated with relief. , number of 

The operation will, if properly performed, relieve 
cases of sciatic pain. In some instances theie is eai 31 
back condition when associated with sciatic pain. 

.HErOUHNALOFBONBAKU10lNTBURa.n^ 
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lhat llic irliof of low-hark [lain, stilTncss, and the associated poor posture 
is often slow. 1'liis is jiroliahly due either to tlie fact that the inflamma- 
tory condition is slow in clearing up. or that the pliysiological curves, 
having hec'n tiistorted for years by tlie bad mechanics of abnormal fascial 
jiulls on the jicivis and low .spine, do not return to a normal posture 
quickly. In addition, the .spinal eurve.s, in returning to a normal posture, 
must exert pre.ssun' and tension on niuseles, fasciae, and ligaments which 
have not been subjected to normal conditions for years. 

A great many of the patients with lame backs improve so rapidlj'^ that 
no iirotcctive supports are nece.s.sary, but for those who do not recover 
rapidly, a support for the back is indicated and will hasten recoveiy. 

Fasciotomy is being performed now quite extensively, and man}^ 
surgeons ha\'e a better record of results than the writer. It should not be 
done indi.scriminately for all sciatic pain, becau.se there are often lesions 
of the back, of the sciatic nerve, or within the .spinal canal which cause 
pain in the sciatic ner\’e. Fach case of sciatic pain must be studied care- 
fully. It is to be remembcri'd that con.servative measures will still re- 
lieve a large proiiorfion of these patients and should be tried faithfull}’-. 
On the other hand, if a patient is suffering great pain which appears likety 
to continue for some time, fasciotomy can be considered a conservative 
procedure. It will not add to the length of convalescence, can be advo- 
cated as a measure foi’ relief, and should be done on that basis. 

The operation is now performed as follows: An oblique incision, four 
to six inches long, is made from the lower edge of the anterior superior 
spine downward and backward, to a point just above the level of the 
greater trochanter and just posterior to it. The skin and subcutaneous 
fascia are separated b.y clean dissection above, below, and posteriorl}'^, 
until a strip about two inches in width has been dissected well back over 
the anterior surface of the gluteus maximus muscle. The fascia is now 
divided from the antcrioi' superior spine well back over this muscle. 
The fascia gaps at the incision, and the flaps are dissected off the muscles 
for about one inch on each side. All intermuscular septa are divided. 
If there is a positive Ely’s sign, the fascia surrounding the sartorius muscle 
is also divided. All loose tags of fascial tissue must be removed. The 
length of postoperative time in bed depends on the severity of the back 
symptoms and the rapidity with which the sciatic pain clears up. 


VOL. XXIir. NO. 2. APRIL 1941 



THE RELIEF OF LOW-BACK PAIN AND SCIATICA BY RELEASE 
OF FASCIA AND MUSCLE 

BY CLARENCE H. HETMAN, M.D., CLEVELAND, OHIO 

The introduction of a new method of therapy should be preceded by 
a scientific approach to the problem at hand, founded upon anatomical 
and pathological research, and followed, if practical, by experimentation. 
When stripping of fascia or fasciotomj'’ was proposed by the author in 
1934 such an approach had not been made, although the two cases reported 
then had been in the nature of experiments. These observations were 
recorded because at that time it was generall 3 ’' accepted that the origin 
of most cases of sciatic pain ivas at the lumbosacral or sacro-iliac articula- 
tions. Treatment wms directed toward relief of strain at these joints, 
and, when conservative treatment failed, arthrodesis wms the common 
practice. Controversj’- centei-ed chieflj'’ upon the differential diagnosis 
between lumbosacral and sacro-iliac lesions, and finall}'' reached an 
impasse when surgeons fused all three articulations. Manipulative 
treatment persisted in making its reappearance from time to time, but 
generallj’" with the idea of correcting a subluxation, for it was usuall}'' fol- 
lowed bj'^ fixation. 

These concepts were so dominant that the title of the author’s first 
paper on fasciotomy was expressed cautiouslj^, “Thoughts on the Relief 
of Sciatic Pain’’, for it was akin to heresy to express a belief that an 
extra-articular superficial focus of irritation could manifest itself in the 
sjmdrome of sciatica. At about the same time Freiberg and Ober an- 
nounced opinions at vaiiance ivith the then current views, and Steindlei 
shortl}'’ afterwards clarified the reflex phenomena of sciatica upon an 
anatomical basis, — a posterior sjmdrome. Procaine injections weie a 
natural sequence as a diagnostic aid and a therapeutic measure. Clinica 
reports, together with the pathological studies bj'’ Gratz, point to a sus 
tained interest in the musculo-aponeurotic and ligamentous oiigin o on 
back pain. One need no longer be hesitant in accepting a lesion o t lese 

structures as a primary source of irritation. i . h ck 

In discussing the role of fascia and ligaments in relation to on 
pain upon the basis of relief following fasciotomj’’, the authoi is consci^^^ 
of being in an awkward position of proposing an operation nitiou 
cient background, and then trjdng to rationalize it. It is 
fasciotomjr is on a weak pathological foundation, and it is i cu 
convincing b}^ mere testimonials of X’elief -when many patients n i i 
pain pi'esent comparativelj'^ few objective signs of disability. • jj of 
are common, and the frequenc 3 ’^ of low-back pain as a mam es jjjfer- 
neurosis is recognized. One must be cautious, theie oie, n,ithor 

pretation of results of operation. OnW those patients v om 
has personall 3 '' studied are included in this paper. 
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Sincp )H)s| prior slripiiing has relieved carefully selected cases of low- 
back pain or sciatica, one must conclude that the source of irritation lay in 
a superficial focus in ligaments, fascia, muscles, aponeurosis, or at their 
periosteal attachments. It is difficult to conceive that the operation 
corrects sacro-iliac or lumbosacral strain, or relieves a direct irritation 
upon the com|)onents of the .sciatic nerve. It then becomes necessaiy 
to a.ssume that there is a .so-called fibro.sitis, which would appear to be 
the weak jioint of this argument, becau.se there is no convincing proof 
that fibrositis is a pathological entity. Clinical evidence, however, ap- 
pears so convincing that it de.serves a place as one of the three most com- 
mon forms of rheumatic di.sea.se, — atrophic arthritis, ly^pertrophic 
arthritis, and fibrositis. 

Siiace does not jiermit a complete review of the evidence upon which 
we accept the entity “fibro.sifi.s”. Our knowledge of the pathology of 
fibro.sitis is practicallj’^ confined to the studie.s of Stockman in 1920, and 
few if any have attemiited to corroborate or advance his work. It is said 
that the term .signifies an inflammation of the white, fibrous, supporting 
ti.ssue, and that the inflammation is characterized at first by a low-grade 
serofibrinous e.xudate. Later there are fibrous and tendinous contractures 
or capsular thickenings. 

Fibrositis is distinguished from arthritis by persistently negative 
evidence of intra-art icular di.sease, no .systemic manifestations, normal 
sedimentation rate, and frequent complete remissions. Slocumb tenta- 
tivel}’’ cla.ssifies two tyjies, — a primary and a secondary. The primary 
13^10 is unaccompanied bj'-, and is independent of, any other definite 
disease, and presumably is attributable to unidentified infections or 
toxaemia. The secondarj’’ tj^pe is secondary to arthritis, trauma, or 
influenza. The present status is well summarized by editorial comment 
in the Fifth Rheumatism Review: “Although the term ‘fibrositis’ may seem 
vague to some and the syndrome it implies incompletely understood, 
application of this term (or one more suitablej . . . seems in order.” 

S 3 miptoms of fibrositis are muscle tenderness, stiffness, tenderness 
over insertions, and pain, particularly when the part is put on a stretch. 
Pain may be accompanied or replaced by a referred pain felt in the area 
of the skin corresponding to the nerve root which conducts the afferent 
impulse, and tenderne.ss to deep pressure in the muscles in the same seg- 
mental area. 

These incomplete and brief generalizations on an extra-articular origin 
of low-back pain, and the suggestion that a fibrositis is the basis of the 
irritation, may be helpful in the selection of cases for posterior fasciotomy. 
It is regrettable that there is no reliable single test or sign. The criteria 
for operation are as follows: 

1. ChronicUy. In general it must be assumed that the patient is 
not suffering from an acute fibrositis as these cases usually do well and 
recover by the conservative measures of protection, physiotherapy, and 
possibly procaine injections. Operation is reserved for the chronic case 
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in which persistent symptoms or tension is not relieved by conservative 
treatment. Hence, only comparatively few of this large group are 
suitable for operation. 

2. Localized Sijjjiptoms, The focus of irritation must be localized 
at or immediately surrounding the posterior superior spine or immediately 
below the posterior third of the crest of the ilium. Local tenderness at 
periosteal attachments must be differentiated from diffuse muscular 
tenderness. In other words there must be localized tenderness at the 
musculo-aponeurotic or ligamentous insertions. There may be, however, 
pain and tenderness along the segmental distribution, — that is, sciatica. 

3. Tension Pain. Generally there must be pain on stretching or 
active contraction against resistance. Any active or passive motion 
which exerts tension or stretch upon the affected parts is likely to be 
painful. Passive relaxation is not painful. This implies that forward 
bending, particularly while the patient is standing, is limited and painful. 
Lateral bending away from the affected side may cause pain by stretching, 
and torvard the affected side by the tension of active contraction. 
Straight-leg raising causes local pain and is limited. Passive extension 
of the lumbar spine does not stretch the posterior structures and must be 
free and without pain. 

4. Procaine Test. A positive response of temporary relief following 
a local and not massive procaine injection should be sought before proceed- 
ing with operation. It is not a necessary postulate, however, since it is 
difficult — at least for the author — to infiltrate the periosteum satisfac- 
torily to block all painful sensations. There were some patients in this 
series rvho were not temporarily relieved by local injection of procaine, 
but wdio later obtained lasting relief by fasciotomy. 

5. Exclusion of Other Causes of Pain. A careful study of the patient 
must be made to be assured, so far as possible, that symptoms are not 
caused by an intra-articular lesion or another factor recognized as causing 
similar complaints. A coexisting and asy'^mptomatic hypertrophic ait iii 
tis of moderate degree, revealed only'^ by the roentgenogram, is not a con 
tra-indication to f asciotomyA Fibrositis may be secondary'- and only a par 
of the entire picture of arthritis, but still be the sole cause of sy'mp oms. 

The purpose of the operation is to release tension of ligaments, 
and muscles attached to the posterior superior spine and the pos eno 
third of the crest of the ilium. This is done by subperiosteal stnppinK 
laterally, medially, and inferiorly, together wnth division of 
spinalis fascia rvhen tenderness or pain is present there. le 
has been described fully in previous papers and will not re repea 


as it has not been modified. . . - ^jje 

End results also were reported by the author m 
American Academy of Orthopaedic Surgeons and pu^isie ’ 
time the results of twenty-one cases of posterior fasciotomy v er 
until lasting relief in sixteen. Since that paper was -pliis 

operations have been done, resulting in complete re le m 
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niiikps a total of twonty-six oporations with completely satisfactory 
results in twenty, or 77 jicr cent., and partial relief in three, or 11.5 per 
cent, ’^rhe cause of failure in two of three ca.ses is known. One had a 
congenital deformity of the .sacrum, and the other had a con.siderable 
decree of hypertrophic arthritis in the .sacro-iliac joint. It is now obvious 
that neither case was suitable for the operation. 

SUM.MAKY 

I'ibrositis is a pro\-isionall,y accepted entity causing low-back and 
.sciatic iiain which may be relieved bj'' posterior fasciotomy in selected 
ca.se.s not 3 dclding to con.servative treatment. 
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THE FASCIAL ELEMENTS IN ASSOCIATED LOW-BACK 

AND SCIATIC PAIN 

BY ALBERT H. FREIBERG, M.D.,* CINCINNATI, OHIO 


The explanation of sciatic pain bj’' a physiological method is ex- 
cessively difficult ; perhaps, even, to the extent of proving to be impossible, 
unless the pain can be definitely associated with an organic lesion in- 
volving the nerve or its radicles. Man is the onty vertebrate to whom 
the erect position is the normal and constant one. The anatomical 
arrangement of the sciatic trunk in relation to the muscles, and, therefore, 
to the fasciae, is quite different from that of any other vertebrate; and, 
even in man there is frequent variation to be found in this respect. 
There is no means of knowing whether anj’- other vertebrate is subject to 
what is called “sciatic pain”. It is known in man by his psychic re- 
sponse, onl}'-. Local tenderness is not onl}^ an inconstant, but also an 
unreliable guide to it, and the patient’s response is the one means of 
recognizing whether such pain has been relieved. The only one who 
knows to a certainty whether he has pain and to \vhat degree, is the 
patient himself. The surgeon is limited in his judgment by the finding 
of corroborative physical changes in loco, on the one hand, and his 
appraisal of the patient’s emotional and psychic reactions, on the other 
hand. Furthermore, there are some who wdll acknowledge that in their 
own experience there have been numerous instances in which relief from 
sciatic pain has resulted from non-operative, so-called “conservative”, 
methods in patients "whose historj'- and physieal examination did not 
serve to differentiate them from others in whom it was finally deeined 
necessary to employ operative treatment. The indication for operation 
was the failure of the conservative method as it had been used. Tins 
result was not predictable or the sequence of events would not have been 
emplojmd. 

Additional experience and study with respect to the lesions of t ic 
intervertebral discs, as well as inflammator}'" conditions in fascia an 
joint capsule, have modified somewhat the author’s attitude on tns 
subject, as stated in 1937. The same thing can be said concerning ic 
lesions at the sacrolumbar articulation. This is, howevei, not o le 
taken as a retraction of "what Avas said in that paper, but lathei as nr 
nishing ground for greater clarity where the need was even then appamn^ 
The conclusion drawn from the study made mth Vinke and pu o ^ 

1934, wms that spasm or contracture of the piriformis muse ® , 

potent factor in the production of sciatic pain. The . qjis 

the muscle wms made bj'^ Joseph A. Freiberg, and it ivas e ‘ 
might constitute a useful procedure and, at the same tiiM, 
roboration of the theorj’- wffiich was being postulated. c 


* Deceased. 
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a])pi'ars to Iio justifu'd. Howovor, the procedure was not offered as 
routine and is not now so offered. It has become plain as the result of 
pensonal oliservation, as well as the recorded observations of others, that 
both sueeess and failun* have attended the employment of the different 
surjiical attacks upon muscle and fa.scia which have been put forward, 
namely: 

1. Th(' strijiiiing of the attachments of the glutei, propo.sed by 
Heyman. 

2. Novocain or jiroeaine injection at the site of tenderne.ss, — the 
method of StcMiidler. 

8. The incision of the fa.'^cia lata, as jiroposcd bj*- Ober. 

4. The incision of the piriformis mu.scle. 

In communicating the account of the anatomical studies concerning 
the relationshi]) of the jiiriformis muscle and the sciatic trunk, in 1934, 
there was no element of self-deception. It was not assumed that anj”^- 
thing was definitely jirovcd concerning the pathological phj'siology of 
sciatic pain. Similarly, in the ab.scnce of a great volume of clinical 
material and, considering the difficulty associated with the personal and 
psychic factors which are involved, an e.xtromel}^ conservative attitude 
has been taken by the author and his associates as to the appraisal of the 
results obtained b.y the operative procedures. Much the greater number 
of cases of sciatic jiain which have been observed in three hospitals and 
which are considered to be unassociated with organic intraspinal lesions, 
have responded to non-operative treatment, consisting chiefi}'- of traction, 
followed by mechanical support and ph 3 'sical therap}". Twelve patients 
who have had section of the piriformis muscle have been satisfactoriljr 
followed. In nearly all of them, the relief of pain Avas immediate. In two 
instances some pain remained for several daj^s. In two of the twelve, 
relief of pain was not secured; the}'^ are considered failures, and should not 
haA^e been operated upon. Among the earliest cases there Avere three 
patients in Avhom absence or A'^eiy great AA'eakness of the Achilles reflex on 
the operated .side Avas noted. The author Avould feel justified, toda}", in 
suspecting that these sjmiptoms represented organic intraspinal lesions, 
possiblj'^ from intei’Amrtebral-disc damage. HoAveA'’er, it is interesting to 
note that in tAvo of these three patients, sciatic pain AA^as definitely dis- 
posed of. The third case is recorded as a failure. In the first of these 
three patients, operated upon five j'^ears ago, the ph 3 ''sician reports that 
the Achilles reflex is still absent, and that sciatic pain has not recurred, 
although tAA'O attacks of fairly severe loAA^-back pain have been experienced. 
This patient is reported noAA’^ as the subject of a definite proliferatiA'^e 
polyarthritis. Both of these cases, howeA^er inconclusiveb^ raise the 
question Avhether the sciatic pain ma3'^ here be explained as the merel3^ 
irritative effect produced b 3 '- an organic lesion. 

Cases in Avhich there is definite eAudence of lesions of intraspinal or 
other organic structures, and direct inA’’olA'’ement of the radicles or trunk 
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of the sciatic nerve, may be eliminated from the discussion as they belong 
in a different and special category. The cases with which we must be 
here concerned are chiefly those of sciatic pain of long standing. 

Much more experience is required to justify a pronouncement which 
may be trusted to have an abiding value. As has already been said, 
successful results have been observed bj^ the author in a limited number 
of cases treated by the methods of Heyman, Ober, or Steindler. These 
methods have been employed when it was thought that they were indi- 
cated, but in numbers too small to be worthy of statistical report. Like 
the explanation offered for the results of the piriformis operation, how- 
ever, their explanation is one of rationalization rather than of proof. It 
would appear that the establishment of indications for the various pro- 
cedures must rest largety upon such explanation, or upon a basis which is 
personal and empirical. Once .surgical intervention seems called for, 
however, it will have to be acknowledged that in other operations an 
attack is being made upon structures much less directfv connected with 
the sciatic trunk than is the piriformis muscle. Here wm are at least 
concerned with a structure which is always in direct contact with the 
sciatic nerve, even though not always to the same extent or in precisely 
the same way. Much more study and experience would appear to be 
essential before the establishment of precise indications for surgical 
intervention is accomplished either with regard to time or the choice of 
method. It must be granted that the indications Mil have to be set 
forth on a purely objective basis, and therefore, upon one which bears no 
prejudicial and personal connection ivith one’s r 61 e in the development of 
a method. To this the author is definiteh'’ committed. 

The proposal to cut the piriformis muscle for the relief of sciatic 
pain was originally put forth ivith the idea that this might be ivelcome 
as a symptomatic release, in certain cases which had failed to yield to 
non-operative methods. While the possibility of disease primarily sit- 
uated in the muscle itself was granted, the operation was done in tie 
absence of definite evidence of its existence. Muscle contractine o 
continuing character is most often secondary to a lesion situated piimari 3 
elsewhere. When it is primaiy in muscle or fascia, it is conceived to 
the result of inflammator}’^ disease, — myofascitis, or as the Biif'si say 
fibrositis. In no instance in which microscopic stud}^ of excised pni 
tissue was made, was there a report of local disease. In the aisence 
this it is coneluded that the r6Ie of the muscle in producing scia ic P 
is secondaiy. The same thing will have to be said in the case 0 
on other muscular or fascial tissue. Unless there is tangi e 
of disease in the tissue itself or in the dominant nerve 
symptomatic release is unsatisfactoiy. The primaiy lesion 
be recognized and subjected to suitable treatment. ^^V^p!ltinie 
often makes an operation of an3’^ kind unnecessai}’’- c*®' 
being, at least, the case must re.st. 
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AiniCULAR FAClil'rS IN RfiLA^JlON TO LOW-BACK PAIN 
AND SCIATIC RADIATION 

MV CAJil. K. JJADGMiV, AI.D., ANN AKBOR, flllCHIGAN 
From the Deportment of Siirijcr;/, University of Michigan, Ann Arbor 
INTRODUCTION 

Numerous aufiiors iu tlic past lliirty .rears Iiave emphasized the pos- 
sil)le import anee of the art iculaf ions of the vertebral articular processes in 
low-back jiain and in sciatic radiation. The publications of von Lackum, 
Danfort h and Wilson, Ayers, Putti, Williams, Ghormle}’’, and others 
between 1925 and 1933 showed renewed interest in the articular facets as 
possible causative factors in the production of sciatic pain. Indeed, 
Ghormle.v in 1933 coined a veiy expre.s.sive phrase, “the facet S 3 ’'ndrome'’, 
which promised to stimulate further investigation of the role of the facets. 

The recognition of the clinical application of the findings of Schmorl 
and Andrae concerning the jirotrusion of the nucleus pulposus, b}^ Stookej", 
iSIixtcr, Bari', Love, and man}' others, has temporaril}' at least turned the 
attention awa.y from the facets and the plausible theories of their part in 
the production of sciatica, to the intensely interesting problem of the 
moment, — the jn'otruded disc. 

Recently, A.yers (in 1935) and Putti (in 1937) have again reported 
clinically and anatomicall}', respectively, the lumbosacral joint and its 
facets as factors in low-back pain. To the unprejudiced observer, well 
acquainted with derangements of the low back, posterior protrusion of the 
nucleus pulposus as the causative agent of low-back pain and sciatic ra- 
diation will always be regarded as a definite factor which occurs in a 
minority of patients with the sciatic syndrome. In the author’s series of 
studied cases previously reported less than 20 per cent, show any neuro- 
logical evidence of direct nerve irritation. The excellent response to 
conservative treatment in the cases without neurological signs, verifies 
our contention, previously expressed, that 80 per cent, of the cases of low- 
back pain with sciatic radiation are on the basis of referred pain, and not 
direct nerve irritation. 

It is the ])urpose of this paper to present a review of the possible role 
of the vertebral articular facets in the production of low-back pain and 
sciatic radiation. 


ANATOMY 

It is important to recognize that the articulations formed by the ver- 
tebral articular processes (the articular facets) are true joints proi'ided 
with a complete capsule which is lined with a definite synovial tissue. 
Closely associated with the mesial aspect of the capsule are the ligamenta 
flava. Piersol states that the outer portions of the ligamenta flava are 
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Fig. 1-A 

Third and fourth lumbar vertebrae articulated to 
show asymmetrical facets on the right side. There is 
marked osteophytic proliferation on the superior sur- 
face of the lamina of the fourth lumbar and on the 
inferior surface of the facet, resulting in contact of the 
cephalic portion of the superior facet with the inferior 
surface of the lamina of the third lumbar vertebra. 


inseparably attached to 
the loose articular cap- 
sules, preventing, by their 
tension, the occurrence of 
folds. They encroach on 
the sides of the capsules 
toward the canal, and 
take the place of viuscle in 
preventing the capsule 
from being nipped be- 
tween the articular sur- 
faces during movement. 
The ligamenta flava are 
also valuable, according 
to Cunningham, because 
they restore the articular 
surfaces to their normal 
position with regard to 
each other after move- 
ments of the spinal column. 

In general, the lum- 



Fig. 1-B 

Detailed view of the superior facets of the fourth 
lumbar vertebra, showing more clearly these changes 
and the notch on the superior surface which engaged 
the lamina of the third lumbar vertebra. 


bar supei’ior articular proc- 
esses are stout, oval, cuived 
plates of bone, fused in 
front with the roots of the 
laminae, with their con- 
cave articular surfaces ver- 
tical and turned medially. 
The infezior articular proc- 
esses lie on either side of 
the root of the spinous 
process supported on the 
inferior margin of the 
laminae. Their articular 
surfaces, oval in outline, 
convex from side to side, 
and plane from abm^ 
downward, are turned a 
erally. The inferior ar- 


ticular surfaces are closer together than the superior, so T'-p i proc 

lated, the superior articular processes embrace the inferior a 

esses of the higher vertebra. The inferior articular process 

lumbar are farther apart than the other lumbar veite rae an 

lar surfaces are directed more backwards than inwai s a ^ .^.^rtical 

concavity. The superior articular surface of the first sacia 

articular surface, of circular or oval form, which is co 

VHG muHXA. or Boxn axo mixr sOKarn 
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Fig. 2-A 


I 


Anatomical .specimen demonstrating a 
dissection of the posterior primary divi- 
sion of the third and fourth lumbar 
ner^'cs. Tlie median branch can be 
traced in close proximity to the inferior 
surface of the articular facet, winding 
around it and even giving periosteal 
branches to it, but with no observable 
connection betu-een the nerve and the 
capsule. The nerve terminates in the 
sacrospinalis muscle and is primarily a 
motor nerve. The lateral branch is 
shown to the right with a small piece of 
muscle attached. 

of asiTOmetncal development of the 
anomaly of articular tropi.sm. 


L 2 


L 3 


L4 


L 5 



Fig. 2-B 


Schematic drawing from the ana- 
tomical specimen. 

A: Median branch of the posterior 
primaiy division. 

B: Lateral branch. 

C: Facet articulation. 

side, with the general inclination 
backwards ‘and a little medialty. 

Willis has pointed out that 
developmental variations of the 
articular processes in size, shape, 
and angle of projection, occur par- 
ticularl}'’ in the lumbosacral region. 
He also states that poorer devel- 
oped and asymmetrical^ formed 
articular processes stronger suggest 
mechanical instability and suscep- 
tibility to ligamentous injurjL 

Putti stressed the importance 
articular facets, regarding it as an 


Goldthwait recognized tivo well-known variations from the normal 
skeleton which are liable to produce backache, — (1) the tall slender vis- 
ceroptotic type with long narrow flexible spine and flat t 3 '’pe of lumbosac- 
ral facets, and (2) the short thick heavj'- type in whom the diarthrodial 
facets are large and crescentic and limit the motion of the vertebrae, par- 
ticularly in flexion. Goldthwait pointed out that if the facets were 
asj^mmetrical, the movements were irregular. 

Brailsford, in a review of 3000 roentgenographie studies of the lum- 
bosacral spine, found that 57 per cent, of the lumbosacral facets pointed 
backward, 12 per cent, pointed inward, and 31 per cent, were mixed or 


asymmetrical. 

More recently Putti, in a stud 3 ’- of the anatomy of the vertebral 
apophyses, pointed out that there was a general shape of the articular por- 
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tion of the facets as described by anatomists, but that often the facets were 
flat and sometimes asymmetrical. He found that the inclination of the 
articular surfaces increased in the lumbar region from the first to the fiftli 
with the minimal inclination usually 20 to 30 degrees in the upper lumbar 
area and 40 to 50 degrees in the fifth lumbar. Asymmetr^^ with frontal 
facets on one side and sagittallj'- placed facets on the opposite side occurred, 
particularljr in the fifth lumbar, in six of seventy-five cases obseiu'^ed by Putti. 

We have had the opportunity, through the kindness of Professor 
McCotter of the Department of Anatomy, and my associate Dr. Batts, to 
examine a large number of lumbosacral articulations. It has been ex- 
pressed by Putti, and it is also our observation through roentgenograms, 
that there is a great frequencj'^ of facet abnormalities in the fourth lumbar, 
hloj’e frequently, distinct differences occur in the lumbosacral area and, 
ph 5 dogenetically, the frequencj'^ of abnormality should be greater in this 
region. 

A careful measurement was made of 100 fifth lumbar inferior articu- 
lar facets and first sacral superior articular facets. The variation in the 
sacral facets rvas reduplicated, rvithin our ability to measure in degrees, 
exactly in the inferior fifth lumbar facets, so our findings are expressed 
onl}'- in the studj^ of the superior articular facets of the sacrum. 

FACET STUDIES 

It is obvious that in general there is a normal for the inclination of the 

sacral facets, with an av- 
erage angle of about 50 
degrees from the sagittal 
plane. The average of 
inclination in this series 
agrees within a degree 
with Putti's findings. It 
will be seen by Table II 
that 79 per cent, of the 
cases did not varj”^ 10 de- 
grees from this inclination. 
Twenty-one per cent., how- 
ever, showed as much as 
11 to 30 degrees increase 
of inclination. One out 
of every five specimens 
showed an appreciable 
as3'’mmetiy. 

Fig. 3 Facet Motion 

A fifth lumbar body demonstrating as3'mmetrical jg stated in most 

facets, osteophj'tic process at pedicle, and facet pro- “flexion 

trading into the spinal foramen just at the site where anatomies tnat 
the ffith lumbar nerve winds around the bodj' of the extension are free m 

vertebra. 

Boxn AXOior-VTSunGEm 
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'PAULI!: I 

Axc:i.r,s ix Di;om;ns or SAcitMi Ahticuiau FArirrs with the Sagittal Plaxe in 
OXE IIUXDUEI) DuiEI) Sl'Ef'IMEXS 01' SuPEIlIOIl SacIIAL FaCETS 



Average 

Variation 

.•Vnglcs 

(Degrees) 

(Degrees) 

Right 

51.41 

19- 87 

Left 

52 47 

17- 90 

Riglit and Left 

103 88 

55-177 


the lumbar region, especiall}' betAveen the third, fourth and fifth vertebrae 
where tlie lumbar curve is the sharpest; lateral inclination is also verj" free 
between these same vertebrae. The shape and position of the articular 
processes of the lumbar vertebrae are .such, that veiy little rotation occurs 
in this region.” ® Morris [loints out that there is alwaj^s some space in 
which horizontal motion can occur around an axis down through the cen- 
tral part of the bodies and intervertebral discs, but it is very slight. Pro- 
fe.ssor McCotter is convinced that this is an accepted, but somewhat 

TABLE II 

Percextage of Vauiatioxs of Numbers of Degrees between the Angles Made 
BY the Right and Left Sacral Articular Facets with the Sagittal Pl.anes 


Variations Cases 

(Degrees) (Per Cent.) 


0 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11-15 

16-20 

21-30 


9 

9 

11 

6 

4 
8 

13 

5 
4 
9 
1 


79 


15 

2 

4 


21 


erroneous impression. He feels that much more rotation occurs in the 
lumbar spine normall}" than has been thought possible. He bases this 
contention, first, on the shape of the facets, which are so constructed as to 
allow rotation, and, second, on the definite evidence in a number of skele- 
tons of wearing of the articular processes and the bodies of the vertebrae, 
which could be explained in no other waj"- than b}" rotation in the lumbar 
spine. (See Figures 1-A and 1-B.) 
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Von Lackum, in an anatomical study of thirt}'’ cadavera with eighteen 
grossly as 3 ^mmetrical lumbosacral facets, states that when the articula- 
tions are asymmetrical they result in unequal rotation, a factor that also 
contributes to the weakness of the part. When there is associated with 
this condition a poor muscular or ligamentous development, or when there 
is a settling down of the superior articular facets onto the inferior facets 
from any cause, a very potent reason for disability or abnormality is 
established. 

The Articular Portion of the Facets 

Putti has made a comprehensive studj'^ of the size, shape, and incli- 
nation of the articular surfaces of the facets. There is as much variation 
in the true articular surface, as is found in the as 5 ’’mmetiy of the entire 
facet. The area of the articular surface is usually 20 by 18 millimeters, 
but is commonl}'- somewhat larger in the lumbosacral region. In normal 
conditions, the diameters var 3 ’^ from 8 to 10 millimeters in one direction, 
and from 9 to 11 in the other. Under this limit, Putti feels h 3 ^poplasia of 
the process exists. Not infrequently there is an asymmetrical develop- 
ment of the articular portion of the facets on the corresponding sides, with 
a difference in size as great as 6 to 8 millimeters in the transverse diameter. 

The articular surfaces are covered with hemline cartilage, usually of 
uniform thickness, but sometimes thinning toward the center. Putti also 
found evidence in the articulation of the facet of sjmovial villi which were 
extremely variable in shape, size, and appearance, frequentl.y having two 
lobes, sometimes the size of the head of a large pin, sometimes leaf-shaped. 
They are rich in blood vessels. 

The capsule of the articular facets is richlj^ ennervated vdth sensory 
fibers, according to von Luschka. Most anatomists state that the primal y 
posterior division of the spinal nerves supply the facet capsule, but that 
occasionallj'^ the recurrent nerve of the anterior primaiy division is the 
onljr sensory supply. At our request Professor McCotter and Dr. Stiong 
dissected carefull}’- the lower lumbar and lumbosacral nerves, and tiace 
the medial branch of the posterior primaiy division of the third, fouith, an 
fifth lumbar nerves posteriorly. The individual nerves had a character 
istic pathwaj'', the medial branch curving in close continuitj’’ aioun tic 
inferior margin of the facets, with some fibers extending into the peiios 
teum of the facets, but continued as a motor nerve to suppb" 
spinalis group of muscles, without actual evidence of contact wi i 
capsule of the facets. It is possible that the innervation of t le ._ 
in this case came from the recurrent branch of the anteiioi pnmai} 
sion. Figures 2-A and 2-B demonstx-ate this dissection, s 
motor suppWof the sacrospinalis from the individual lumbai nen 
lateral branches were also dissected and also proved to e mo ,j^. 

The sensoiy nerve supply of the capsule of the facets is su _ ^ 

well determined, to support the conception that irritation o le c 
the lumbar articular facets could well produce pain stimuli ivhic i, 

the joohxae of BO.vn and joint svbgebv 
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Sixteeii dvied sacra illustrating the superior articular facets. 
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the primary jiostcrior division, could return to the central nervous system 
and produce referred pain through the dermatomes of the involved nerves, 
which corresjjond exactly with the j>athway of sciatic radiation, — namely, 
the fourth and fifth nerves. Thus sciatic .symptoms on a referred mecha- 
nism, but along the same jiathway as direct nerve irritation, can conceiv- 
ably be jiroduced. The authoi"* has previously presented his theory of 
postaxial radiation as referred pain, not necessarily j)roduced b}' direct 
nerve iri'itation. 



Fig. 6 


Three specimen.s of the sacrum demonstrating the wide variation of inclination of 
the facets. 

The anatomical relationship of the fifth lumbar nerve to the superior 
articular facet of the sacrum as the nerve passes through the intervertebral 
foramen has been stressed by various authors. The vulnerability of the 
intervertebral foramen bj"- its alteration in size and shape through the 
mobility of the intervertebral disc and the articular facets has been ex- 
cellentl.v expressed b}'’ Danforth and Wilson. The increased encroach- 
ment of the intervertebral foramen in pathological conditions — such as 
narroAving of the lumbosacral disc, arthritis of the lumbar facets, and 
asj''mmetiy of the facets Avith unilateral abnormal motion — has been de- 
scribed in most conAuncing manner bj"- Aj'^ers®, Williams, and Ghormley. 
Anatomical support for the possible injuiy to the fifth lumbar neiwe root 
in the inteiwertebral foramen seems as definite as the evidence of posterior 
protrusion of the nucleus pulposus and its relationship to the fifth lumbar 
nerve intraspinallj'’, but pathological evidence is lacking to substantiate 
the anatomical. 

The importance of the frequent clinical finding of narroAving or reduc- 
tion of the fifth lumbar intervertebral disc, producing subluxation of the 
facets, in the necessaiy adaptation of the articular facets to this mechani- 
cal alteration of their function, has been AA’'ell demonstrated.^”- ”” To alloAv 
for the approximation of the fifth lumbar bod 3 ’- to the sacrum, the superior 
facets of the sacral A'^ertebra must encroach toward the inferior A^ertebral 
notch of the fifth lumbar, eA^en, in some instances, to the extent that the 3 ’’ 
are stopped b3'^ contact Avith the lamina or the sacrum. 

PATHOLOGICAL CHANGES 

The anatomical eAudence of the possibilit3" of participation of the fac- 
ets in the production of loAV-back pain and sciatic radiation has been 
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facet IS much higher and smaller 



Fig. 7-B 

Oblique view shows loss of clear view 
if facets of the foui th and fifth lumbar 
^ei tebrae on the left side. 


greatly enhanced by further anatomical evidence of 

and by roentgen ographic and clinical findings which aie su cie 

to warrant greater interest and investigation in the facet 

Sicard, quoted by Putti, stated that the or 

cross road of neuralgia, and any condition which modifies e 
the container (the intervertebral foramen, or the nerve oi o j,gfe„ed 
within the. canal) at once induces a painful , i^tica 

distally to the sciatic netve. Putti for 

is a neuralgia caused by a pathological con i ion o articular 

foramina and especialb'^ of the inteiwertebia ai icu a j.(,gult 

facets. It was his opinion that idiopatliic sciatica is ess 
of vertebral arthritis involving chiefly the articular ace s. geventy-five 
Putti and Logroscino, in a recent anatomical stu 3 ^ j,,.scal 

preparations of the lumbar and sacral legions, individuals 

arthritis is seen ver}^ frequentl3^ These arthritis; they 

under thirty 3’-ears of age who manifested no had only 

excluded six more, four of them in their earb; 
minimal evidence of arthritis. In the remammg specimen 

the JOUHXAE of BOXE Axn iOll' 
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Fig. 7-C 

On right side tlie facets are clearly 
visible all the way to the fiist sacral 
vertebra. 


Fig. 7-D 

Lateral view shows normal appearance 
with normal disc spacings. 


lesions in various phases of development were found constantljL Arthritis 
of the facets is rare under thirty years of age, but is progress! velj’- more 
frequent and severe with age. Intervertebral arthritis is more common 
between the third and fourth, and fourth and fifth lumbar vertebrae, and 
a little less common, surprisingly enough, in the lumbosacral region itself. 
Arthritis of the facets is more commonly associated with the as 3 '-mmetrical 
facets. Lesions of the articular capsules were found in fift 5 '^-seven of the 
seventj'^-five cases, appearing usuallj'^ in the upper and mesial part of the 
capsule with oedema, granular ossification, calcification, and adhesions 
between the capsule and the meningeal covering of the nerve root adjacent 
to it. 

Changes in the sjmovial membrane were found analogous to changes 
in other joints in a degenerative process. Hj^pertrophic villi, of three to 
four times normal size, with chondrification and ossification occasionally 
in the villi; detached chondral bodies; and ulcerative areas, vdth complete 
loss of cartilage, were observed. Degenerative changes of the articular 
surfaces with thinning and fibrillation of the cartilage, and osteophjdic 
marginal proliferation were frequentlj’’ seen. 
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Fig. 8-A 

y*?"' showing a saddle- 
shaped facet between the fourth and 
tilth lumbar vertebrae on the left side, 
and frontal type facet on the right side 


Fig. 8-B 

Left oblique view further demon- 
strates the saddle-shaped facet 


_ Putti and Logroscino stated 

particularly interested in the changes noted anatomi- 
ca y, tviich were not observable in roentgenograms. They presented, 
lom t eir anatomical knowledge, certain signs noted in the roent- 
genogiam n^hich will enable the observer to recognize this foim of 

veite lal arthritis roentgenographically, earlier than was previously 
possible. 


Anatomical evidence is ample to demonstrate that the facets in the 
iumbosaeral-joint area may and do suffer from all of the ills that aie in- 
eient to joint structures. Putti demonstrated changes in the s3'^no- 
vial membrane, and free bodies in the joint that might conceivably 
pioduce S 3 "mptoms akin to those of knee-joint derangement. The fre- 
quenc3’' of as3mimetr3'^ of articulations required to function simultaneous^' 
must be a factor in repeated joint trauma. A mechanicalh' unsound joint 
in the hip or elsewhere shows reaction to irritation as the patient ages, and 
so must the as 3 'mmetrical and mechanically poor facets. From Putti’s 
studies he concluded that arthritis of the articular facets is the lule in 
practicall3’' all patients over forty 3'ears of age. 


THE JOUBXAL of BONE AND JOINT SURGUal 
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Fig. 8-C Fig. 8-D 

Right oblique view shows nor- Lateral view shows normal disc spacing, 
mal facets. 


ACUTE TRAUMA TO THE FACETS 

It seems necessary to discuss briefl3'- the characteristic roentgenogram 
of fissure formation — usually of an inferior articular facet — found in a 
patient ndth back symptoms or accidentally in roentgenograms. This 
lesion has naturall}'- led to the question of congenital or traumatic etiology. 
It is probable that the majoritj'- are the result of anomalous development. 
Fracture maj" occur, but usuallj^ is found only with evidence of fractures 
elsewhere in the spine. The analogj^ of this fissured process to the os 
trigonum and os naviculare is so striking that the author concludes that 
the etiologj'^ must be similar. 

To evaluate properlj'- the part the facets pla)'' in the production of 
low-back pain, postmortem studies of the lumbar and lumbosacral area of 
the spine are essential. Such studies maj"- eventual!}" be obtained in the 
larger medical centers, but are not 3"et available. Until such objective 
proof is obtained, we must rel}" on clinical and roentgenographic evidence 
and the response to treatment, and, therefore, the facet s3"ndrome will re- 
main a tlieoiy and not a fact. 

The author is constantl}" confronted vdth problems of low-back pain, 
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often without sciatica, but with a history of sudden onset of pain, and 
sciatic scoliosis associated with marked muscle spasms, with no neurologi- 
cal findings, and frequentlj’-, no sciatic radiation. Manj^ of these cases 
present changes which fit in so well wth the anatomical factors mentioned 
in this paper, that it is most probable their sj'-mptomatology is based on the 
facet S 3 mdrome. A brief history of two cases is illustrative of this point. 

Case 1. A neurosurgeon, aged forty, had a second attack of acute, incapacitating, 
low-back pain, with a marked list. The leg signs were negative except an Ober’s sign on 
the right side which disappeared as improvement set in. The neurological examination 
was entirely negative. 

Roentgenograms showed a normal lumbosacral disc. The only abnormalities noted 
were: (1) The frontal view showed asymmetry between the third and fourth lumbar 
articulation with malformation of the left facet, and spina bifida occulta of the first and 
second sacral vertebrae. (2) The lateral oblique views denoted an obliteration of the 
facets between the fourth and fifth lumbar, and the fifth lumbar and first sacral verte- 
brae, which very probably demonstrated only asymmetry of the facets. 

Case 2. An electric welder, aged thirty-four, complained of chronic low-back pain 
since a fall of twenty-four feet, six and one-half years before, which injured both ankles. 
Lumbosacral pain was worse while lying dorni, relieved by motion, and aggravated at 
times while at heavy work. The clinical examination was essentially negative e.xcept 
for lumbosacral tenderness. 

Roentgenogram of the frontal view showed a left asymmetrical facet between the 
fourth and fifth lumbar vertebrae and failure of complete closure of the lamina of the 
fifth. The oblique view showed the saddle-shaped facet on the left side. 

The two cases are indicative of a great number of similar cases, where 
sj'-mptomatology may well be based on the facet sjmdrome. Their re- 
sponse to conservative treatment is excellent, but recuiTence of difficulty is 
iTr}'’ possible. Fusion of the affected area usually results in complete 
relief. 

CONCLUSIONS 

1 . The anatomical possibilities for the articular facets to plaj’’ a more 

or less active part in the production of low-back pain with or vdthout sci 
atic radiation are obvious, but pathological evidence is not yet sufficien 
to make this conclusion a fact. . , 

2. Clinical evidence, in case of low-back pain wuth or witiou 
sciatic radiation, of pathologj'’ in or affecting the articular facets, lequires 
serious consideration of the articulation in all cases of this sjmdiome. 

3. The frequency of arthritis in the facets as age progresses, and i 
frequency of low-back disturbances in similar age periods, aie coinci en 

facts of veiy probable significance. . | . 

4. Sciatica is a symptom complex, in which the sjmdrome is • le 
constant factor; the causative factors are variable and maj' e 
multiple, but the role of the facets should be considered in evei3 . 

5. Rotation of the lumbar, and particularly of the lum osacra 
ulation, occurs to a greater extent than anatomists have 

this region it takes place chiefly in the facets, instead of in t le m 
bral discs as it does in rotation in the thoi’acic region. 

THE JOOBXAL OF BOXE AXD JOIST SOnCER 



THK ARTICULAU FACKTS IN RELATION TO LOW-BACK PAIN 


495 


REFERENCES 

1. Aniiuai:, 1L: Uobcr Knorpelknbtclien am Ilinteren Ende der Wirbolbandscheiben 
im Ecrcicli dcs Spinalkanals. Bcitr. z. Path. Anat. u. z. Allg. Path., LXXXII, 464, 
1929. 

2. Ayehs, C. E. : Lumbo-Sacral Backaclic. New England J. Med., CC, 592, 1929. 

3. .4yer.s, C. E. ; Further Case Studies of Ijumbo-Sacral Pathology with Consideration 
of the Involvement of the Intervertebral Di-scs and the Articular Facets. New 
England J. Med., CCXIII, 716, 1935. 

4. B.adoley, C. E.: (I.) The Importance of the Lumbo-Sacral Joint in Low-Back Pain 
with Sciatic Radiation. (11.) A New Theory to Explain Radiation of Pain. Read 
before the Annual Meeting of the American Academy of Orthopaedic Surgeons, 
St. Louis, Missouri, January 14, 1936, but not published. 

5. Badgley, C. E. : Clinical and Roentgenological Study of Low Back Pain with Sci- 
atic Radiation. A. Clinical Aspects. Am. J. Roentgenol., XXXVII, 454, 1937. 

6. Barr, J. S.: “Sciatica” Caused by Intervertebral-Disc Lesions. A Report of 
Forty Casc.s of Rupture of the Intervertebral Disc Occurring in the Low Lumbar 
Spine and Causing Pre.ssurc on the Cauda Equina. J. Bone and Joint Surg., XIX, 
323, Apr. 1937. 

7. BuAiLsFORn, J. F. : Deformities of the Lumbosacral Region of the Spine. British 
J. Surg., X\T, 562, 1928-1929. 

S. CuxxiNGHAM, D. J.: Manual of Practical Anatomy. Ed. 5. Edinburgh, H. 
Frowde and Hodder & Stoughton, 1912. 

9. Danfouth, M. S., and Wilson, P. D.: The Anatomy of the Lumbo-Sacral Region 
in Relation to Sciatic Pain. J. Bone and Joint Surg., VII, 109, Jan. 1925. 

10. Ghormley, R. K.: Low Back Pain with Special Reference to the Articular Facets, 
with Presentation of an Operative Procedure. J. Am. Med. Assn., Cl, 1773, 
1933. 

11. Goldthwait, j. E. : The Lumbo-Sacral Articulation. An Explanation of Many 
Case.s of “Lumbago”, “Sciatica” and Paraplegia. Boston Med. and Surg. J., 
CLXIV, 365, 1911. 

12. Hadley, L. A.; Subluxation of the Apophyseal Articulations with Bony Impinge- 
ment as a Cause of Back Pain. Am. J. Roentgenol., XXXIII, 209, 1935. 

13. Hii’Ps, H. E. : Fissure Formation in Articular Facets of the Lumbar Spine. J. Bone 
and Joint Surg., XXI, 289, Apr. 1939. 

14. Jordan, H.: Roentgen Analysis of the Spine. Radiol., XXVIII, 714, 1937. 

15. Keyes, D. C., and Compere, E. L.: The Normal and Pathological Physiology of the 
Nucleus Pulposus of the Intervertebral Disc. An Anatomical, Clinical, and Ex- 
perimental Study. J. Bone and Joint Surg., XIV, 897, Oct. 1932. 

16. VON Lackum, H. L. : The Lumbosacral Region. An Anatomic Study and Some 
Clinical Observations. J. Am. Med. Assn., LXXXII, 1109, 1924. 

17. Love, J. G., and Camp, J. D.: Root Pain Resulting from Intraspinal Protrusion of 
Intervertebral Discs. Diagnosis and Surgical Treatment. J. Bone and Joint 
Surg., XIX, 776, July, 1937. 

18. VON Ltjschka, Herbert: Die Nerven des mensehlichen AVirbelkanals. Tubingen, 
H. Laupp, 1850. 

19. McCotter, R. E. : Personal communication. 

20. Mensor, M. C. : Injuries to the Accessory Processes of the Spinal ’\''ertebrae. 
J. Bone and Joint Surg., XIX, 381, Apr. 1937. 

21. Mills, Nathaniel: Congenital Malformations of the Vertebrae. Boston Med. 
and Surg. J., CLXXXIV, 659, 1921. 

22. Mitchell, C. L.: Lumbosacral Facetectomy for Relief of Sciatic Pain. A Case 
Report. J. Bone and Joint Surg., XVI, 706, July 1934. 

23. Mitchell, G. A. G.: The Significance of Lumbosacral Transitional Vertebrae. 
British J. Surg., XXIV, 147, July 1936. 


VOL. XXIII. NO. 2. APRIL 1941 



496 


C. E. BADGLEY 


24. Mixtee, W. J., and Barr, J. S. ; Rupture of the Intervertebral Disc with Involve- 
ment of the Spinal Canal. New England J. Med., CCXI, 210, 1934. 

25. Morris’s Human Anatomy. Ed. 5. Philadelphia, P. Blakiston's Son & Co., 1914. 

26. PiEESOL, G. A.: Human Anatomy, Including Structure and Development and 
Practical Considerations. Ed. 9. Philadelphia, J. B. Lippincott Co., 1930. 

27. PuTTi, V.; On New Conceptions in the Pathogenesis of Sciatic Pain. Lancet, II, 
53, 1927. 

28. PuTTi, V., AND Logr6scino, D.: Anatomia dell’Artritismo Vertebrale Apofisario. 
Chir. d. Organ! di Movimento, XXIII, 317, 1937-1938. 

29. Pyle, Edwin; Congenital Abnormalities of the Lumbo-Sacral Region as Causes of 
Persistent Low Back Pain. New England J. Med., CCIV, 1083, 1931. 

30. Rendich, R. a., and Westing, S. W.; Accessory Articular Process of the Lumbar 
V ertebrae and Its Differentiation from Fracture. Am. J. Roentgenol., XXIX, 156, 
1933. 

31. Sicard: Quoted hy Putti, 

32. ScHMORL, G. ; Quoted hy Keyes, D. C., and Compere, E. L.*® 

33. Stookey’, Byron; Compression of the Spinal Cord Due to Ventral Extradural 
Cervical Chondroma. Diagnosis and Surgical Treatment. Arch. Neurol, and 
Psychiat., XX, 275, i928. 

34. Strong, L. H. ; Dissection of Posterior Primary Division Lumbar Nerves. (Report 
not published.) 

35. Williams, P. C. ; Reduced Lumbosacral Joint Space. Its Relation to Sciatic Irri- 
tation. J. Am. Med. Assn., XCIX, 1677, 1932. 

36. Willis, T. A.; An Analysis of Vertebral Anomalies. Am. J. Surg., VI, 163, 1929. 

37. Willis, T. A. : The Lumbo-Sacral Vertebral Column in Man, Its Stability of Form 
and Function. Am. J. Anat., XXXII, 95, 1923-1924. 


THE JOURNAL OF BONE AND JOIN 


SORGEnY 



VOL. XXIII, NO. 3 


JULY, 1941 


Old Series 

Vol. XXXIX, No. 3 


The Journal of 
Bone and Joint Surgery 

CONGENITAL PSEUDARTHROSIS 
Treatment by Dual Bone Grafts * 
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The purpose of this paper is to discuss congenital pseudarthrosis and 
to suggest a method of treatment bj'’ homogeneous dual bone grafts. 

Congenital pseudarthrosis occurs in the lower half of the leg. The 
typical findings of the condition in this location form a specific surgical 
entity. Rarety, congenital bone defects ma3’^ be found in other locations, 
but the condition discussed in this paper will be limited to those occurring 
in the lo^er half of the tibia or in the tibia and fibula. 

Several theories hai^e been advanced regarding the etiology of con- 
genital pseudarthrosis. The most probable are: congenital defect in the 
tibia, resulting from a deficienc3'' in the germ cells; congenital absence of 
the nutrient arter3’- of the tibia; and fracture through a bone cyst, followed 
by non-union. Either of the first two may well account for a congenital 
defect in the tibia. Pseudarthro.ses ivhich develop after birth are prob- 
ably due to bone cysts. These cysts have been described by Wade, 
Inglis, Compere, Scott, and others. Scott reported a case illustrated by 
serial roentgenograms, showing the tibia before the cyst was demonstra- 
ble, followed by the development of the C3'^st, fracture of the tibia, and 
formation of the pseudarthrosis. The C3’-st was first noted in the cortex 
of the anterior border of the tibia. As a cyst develops, the tibia gradually 
bends forward, producing the anterior bowing usually seen in this condi- 
tion. Fracture occurs following .slight trauma or spontaneous^. 

The formation of cysts, folloived b3'- fracture, can be conclusively 
demonstrated in some cases, and is a plausible theor3'- in others. The 
theory of congenital absence of a segment of the tibia seems to fit the facts 
more closely in patients without evidence of C3'^st formation in the roent- 

* Read at the Annual Meeting of The American Academy of Orthopaedic Surgeons, 
New Orleans, Louisiana, on January 14, 1941. 
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genogram, and with long tapering ends on both the proximal and distal 
fragments of the tibia. 

Pathologicallj’' and roentgcnographically the cysts seen in the tibia 
resemble those e\ddent in localized osteitis fibrosa, but the cysts in the two 
conditions behave differently following fracture. There is practically no 
effort on the part of the bodj^ toward .spontaneous healing of the fracture 
in the congenital cases, whereas healing with callus formation is the rule 
following fractures through cysts in patients with osteitis fibrosa. Osteitis 
fibrosa (bone cj'sts) have a predilection for the upper third of the femur, 
humerus, or tibia, while the ej'sts jiredisposing to pseudarthrosis are seen 
in the lower half of the tibia. 

Congenital pseudarthrosis appears to be a purely local condition. 
In reported studies, blood calcium and blood ])hosphorus have been vnthin 
normal limits. There is no relation between this condition and the Was- 
sermann reaction. None of the patient.s in our scries had a positive 
Wassermann. Colonna repoiied a patient with congenital p'^eudarthrosis, 
who had three ojK'rations before coming to him. Three additional bone 
grafts were clone; all wore failures and the leg was eventually amputated. 
During this period of treatment, the child sustained two traumatic frac- 
tures in the unaffected leg; both of thc.se united normally. The supramal- 
leolar osteotomies for valgus of the anklc.s, clone in Case 1 of this series, 
united in a normal period of time. 

Barber has called attention to a relation existing between congenital 
bow legs, pseudarthrosis, and von Eccklinghauscn's neurofibromatosis. 
Moore has also discussed the rclationshij) of ncurofibinmatosis to ortho- 
paedic conditions. Two of the four j)atients reported in this paper ex- 
hibited areas of pigmentation .similar to the “cafe av laii” spots reported 
by these authors (Cases 1 and 2). 

Camurafi classifies pseudarthrosis of the tibia in three clinical types. 
latent, fixed, and mobile. In the first, thei-e is no break in continuity of 
the tibia. The leg is usually curved anteriorly. The cliaphysis is atro- 
phied and shortened, and the medullary canal is partiallj" or entirely 
obliterated. In the fixed tj'jrc there is a dense connective tissue, bridging 
the pseudarthrosis of the tibia, and the fibula is intact. In the mobile 
form, an osseous defect is jiresent in both the tibia and fibula. The an- 
terior curvature of the tibia usualb' forms an acute angle. The ends o 
the fragments may be hook-shaped or pointed. „ 

From this classification it is difficult to differentiate the latent 
group from congenital bowing of the tibia. The prevalence of pseii ar^ 
throsis following osteotomy’- of congenital bowing of the tibia an 
extreme difficulty'- of securing union following such a pseudarthrosis sug 
gest that the etiology'- in congenital pseudarthrosis and congenital bovnng 
of the tibia mayr be related. , 

Practically, the patients can be divided into two groups, those 
with a defect in the tibia and those who develop a pseudarthiosis a^^^ 
birth. In the latter, the fracture is usually’- noted some time uiing 
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first two years of life, and oceurs secondary to a bone C3^st, or is due to 
a fracture in the latent type. 

Cainurati, in 1930 , reported twent3’'-seven cases and collected 118 
from the literature. Of the 145 cases, 57.6 per cent, of the patients were 
males; 95.5 per cent, of the cases were unilateral. Ninety-seven of the 
jiatients had been treated surgicall3’-; of these, thirt3'-, or 31 per cent., 
were cured ; and twent3'-one of the thirt3' cures followed bone grafts. 

In the English literature, Henderson, Wade, Colonna, Compere, 
Hallock, and iMcFarland have reported a total of twent3^-six patients 
treated surgicalh'. Of these, thirteen, or 50 per cent., obtained union. A 
total of sevent3'-four operations were performed on the twent3'--six pa- 
tients, — an average of two and eight-tenths operations per patient. This 
number includes the o] 3 erations performed on the patients before they 
were referred to the surgeons reporting the cases. The percentage of 
unions reported in the literature is probabl3’- higher than that usually ob- 
tained, as one rare^v takes the trouble to report a series of failures. From 
these data one ma3' conclude that there is no other condition in which 
bon3’- union is so difficult to obtain as in congenital pseudarthrosis; how- 
ever, these data also show that union is obtainable. 

Success is primaril3’- dependent upon the age of the patient and the 
efficienc3’' of the operative procedure. It is the consensus that the older 
the patient, the better the chance of securing union. Camurati states 
that surgeiy should not be attempted under the age of six 3^ears. Hender- 
son advises one well-planned operation in childhood and, if this fails, the 
postponement of further surger3’- until pubert3'-. From the reported cases, 
it is evident that union is more easil3'' obtainable in the older patients. 
If union can be obtained in 3mung children, the end results should be 
much better, as the deformity and shortening of the leg associated wth 
congenital pseudarthrosis increase as the child grows. When union is 
obtained in a 3'-oung child, function and weight-bearing during the groAvth 
period predispose to a more normal development of the bone and leg. 
This is well illustrated in Case 1 , reported in this paper. 

Surgery offers the only practical method of obtaining union. If one 
wishes to postpone surgery because of the age of the patient, the lower ex- 
tremity should be fitted with a leather lacer brace to support the leg and 
to prevent increase in the deformity. The age at which operation should 
be done is difficult to determine. The ages of the patients reported in this 
paper at the time of bone grafting were two and one-fourth years, four and 
one-half 3'^eai'S, five years, and seven 3'^ears. Since failure is common in 
young children, it is probabl3'^ wise to postpone surgery until the child is 
five or six 3'^ears of age. If the surgeon has the cooperation of the parents, 
a proper brace worn until this age vdll pi*event gross deformit3L 

Many t3''pes of operations have been recommended. Incision 
through or "osteotom3^” of the pseudarthrosis, followed b3’' manipulation 
and immobilization in a cast, ma5'^ assist in the correction of deformity, 
but is of no value in securing bon3' union. 
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Excision of the pseuclarthrosis, exposing normal bone on each frag- 
ment, folloAved by apposition of the fragments with sutures and external 
immobilization, has resulted in too small a percentage of unions to war- 
rant this procedure. It also neces.sitatcs Avide resection of bone; this in- 
creases the shortening Avhich is usuallj’' already present. 

The percentage of unions follow'ing the use of osteoperiosteal grafts 
has been too small to recommend their use. 

Hallock has used multiple bone chips to fill a gutter extending across 
the pseudarthrosis and into normal bone in each fragment. His results 
have been good. The small multiple grafts furni.sh excellent osteogenesis, 
but internal fixation is not obtained. 

McFarland has described an ingenious “b 3 ’--pass” bone graft. He 
reports tAA'o cases AAnth union in each case. In this procedure, no attempt 
is made to correct the deformitA'. The graft is completelj' surrounded 
bj'' soft tissue, AAdiich maj' be a theoretical disadA^antage. 

The massive onlaA’’ graft has been the operation of choice in this 
country and a fair percentage of succc.ss has folloAvcd its use. 

Experience has demonstrated that the best end results in the treat- 
ment of non-unions folloAving traumatic fractures have folloAvcd the use of 
the massive onlaj’^ graft, as described Iw Henderson or Campbell. Tavo 
principles are employed in each of thc.se procedures. Secure internal 
fixation is obtained bj^ moans of a cortical tibial graft. Osteogenesis is 
promoted by packing cancellous bone about the fracture site. 

Union in this condition is much more difficult to secure than in non- 
union folloAAung traumatic fractures. Faced A\’ith this fact, the surgeon 
should use more effective bone grafts in the treatment of congenital 
pseudarthrosis than in patients Avith ordinary non-unions. In an effort 
to do this, the technique of the dual graft as described aa'US devised. The 
case reports illustrate hoAv the dual graft AA’as developed. 

In Case 1, an onlaj'^ bone graft AAms emploAmd. The graft Ai'as le- 
moved from the mother’s tibia. Due to the small size of the child s 
bones, silver-Avire loops Averc used to secure the graft, in place of autog- 
enous bone pegs. This procedure A\ms used four times in three patients. 
In one (Case 1) a union Avas obtained; the other three operations resulte 
in absorption of the graft and non-union. Thus, this procedure Avas 
cessful in one-third of the patients and one-fourth of the operations. 
of the other tAvo jiatients is noAv an adult Avith non-union ; the other ha an 
amputation folloAving the failure of the second graft. , 

With the deAmlopment of vitallium screAA^s, it AAms felt that they 
secure better fixation of the graft than the Avire sutures had. In 
a massive tibial graft removed from the mother Avas employed an ai 
H um screws Avere used for fixation. Cancellous bone Avas packe a o^^ 
the fracture site. In this child, union Avas obtained but, in 
there are tAvo points of criticism. First, in congenital pseu ar n 
the bone may be too soft to enable the threads in the 
secure a firm grasp. Second, although a large amount of cance ous 
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was packed about the fracture site, this bone was compressed by the or- 
ganizing and contracting scar tissue which forms postoperatively about 
the fracture site. This results in a hemi-hour-glass constriction at the 
site of union and a diminution in the size of the tibia at this point. This 
constriction predisposes to refracture and hinders the establishment of a 
marrow cavity through the former site of pseudarthrosis. This hemi- 
hour-glass type of union also occurs in cases where a defect in bone is 
bridged with an onlay graft and the defect is filled with cancellous bone. 
These factors are esjiecially marked where the bone fragments are pointed 
at the ends, as in Case 3. To overcome these objections it was decided to 
use the dual bone graft. The advantages of this method are: 

1. Better mechanical fixation is obtained. 

2. The tibial grafts are revascularized slowlj'', and provide rigid 
internal fixation over a long period of time. 

3. The cancellous bone about the fracture is revascularized quickly 
and produces a strong osteogenic element. 

4. With a single graft, the screws maj’' fail to hold in osteoporotic 
bone. With the dual graft, a clamp is formed which compresses the tibial 
fragments between the two grafts. 

5. The grafts form a trough to hold the cancellous bone which is 
packed around the fracture. 

6. The grafts prevent compression of the cancellous bone by con- 
tracting fibrous tissue during the healing process. Hemi-hour-glass con- 
striction of the bone at the fracture site is minimized. 

7. The diameter of the grafted bone is increased. 

8. Partial absorption of one graft does not necessarily result in re- 
fracture and failure, as the second graft maintains internal fixation. 

TECHNIQUE OF THE OPER.4.TION 

A full-thickness tibial graft of suitable size (usually about nine inches 
long and three-quarters of an inch wide) is removed from the tibia of the 
mother or father. The endosteal bone is then cut with a motor saw from 
the cortical portion of the graft. Additional cancellous bone is removed 
from the upper end of the tibia with a curette. The cortical portion of the 
graft is divided at its center. This provides two cortical grafts about 
four and one-half inches long and an ample suppty of cancellous bone. 

The pseudarthrosis is then exposed through a long anterior incision. 
The connective tissue forming the pseudarthrosis is excised. The ebur- 
nated bone which covers the ends of the fragments is removed. Care is 
taken to conserve all the leg length possible. The medullary canal of 
each fragment is opened with a drill. The deformit}’’ is then corrected 
and, if necessaiy, the tendo achillis is lengthened through a second in- 
cision. If an associated defect in the fibula is not present, it ma}^ be 
necessaiy to osteotomize this bone. 

A bed is prepared for the grafts on the medial and lateral surfaces of 
the tibia. Just enough bone is shaved from the .sides of the tibia to insure 
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denuded areas for the grafts and a slightl)'’ flattened suiface to receive 
them. In the expanded areas in the tibia at a distance from the pseudar- 
throsis, it is necessai y to remove more bone to receive the graft than in the 
region of the pseudarthrosis. Con.siderable space maj’- remain between 
the grafts at the fiactuie site. This is especialh’’ tiue if the ends of the 
fragments are pointed. This is not a disadvantage as the space is filled 
with cancellous bone. The narrow portion of the tibia is thus increased 
in .size. 



Fig 1-A Fig 1-B 

Fig 1-A' The fiist graft has been applied and is held in position by tno tem 
poraiy vitallium sciews . ^ 

Fig. 1-B: Both grafts are in position and held by means of 
which pass through both giafts and the intei veiling bone ine temp 
sciews have been replaced by the permanent sciews 
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Tile grafts should extend as far down the tibia as possible without 
causing damage to (he lower tibial epiphj’'sis. The graft should extend 
for an equal distance or more above the fracture site. The longer the 
graft the better, and, in small children, it may extend to the upper tibial 
metajihysis. 

One graft is jilaced on the inner or outer surface of the tibia and held 
by two short temporaiy vitallium screws. The second graft is then placed 
on the ojijiosite side of the tibia and two long vitallium screws passed 
through the graft, the grafted bone, and the first graft. The short screws 
are then removed one at a time and replaced by long screws which pass 
through both grafts and the intervening bone (Figs. 1-A and 1-B). 

The screws should not be placed too close to the fracture site. This 
error was made in the upper screw in the lower fragment of Case 3. As in 
all bone-grafting procedures, the drills should be of the proper size for the 
screws. The screws must be of the proper length to reach through the 
second graft. Screws of smaller diameter would be an advantage for use 
in children. As non-electrolj’^tic machinable metals are developed, such 
screws should be a'\'ailable. 

The trough, formed bj'^ the two grafts and the space about the pseu- 
darthro.sis, is then packed with cancellous bone. The entire space, both 
posterior and anterior to the pseudarthrosis, should be filled. This is an 
important step in the operation, as cancellous bone is a powerful osteo- 
genetic factor. 

The skin and subcutaneous tissue are then closed with interrupted 
silk sutures. No effort is made to close the deep fascia, as there is not 
sufficient soft tissue available after the application of the dual graft. 
The leg is immobilized in a cast from groin to toes. 

Immobilization in casts is continued until union is demonstrable in 
the roentgenogram. A leather lacer brace is then fitted. These braces 
are made from a plaster mold of the leg and have no joint at the knee or 
ankle. Weight-bearing is permitted in the brace. Use of the brace is 
continued until a new marrow c.avit 3 ^ has formed, connecting the proximal 
and distal fragments through the former area of pseudarthrosis, and until 
the size and density of the tibia approach the normal. This period of 
immobilization may be several j'^ears. The leg maj'’ be removed from the 
brace for bathing and to permit motion in the knee and ankle. Weight- 
bearing without the brace should not be permitted sooner than indicated 
above, as union following refracture may be as difficult to obtain as in 
untreated cases. 

Valgus deformity of the ankle is usualty seen in cases presenting a 
congenital defect in the fibula. This deformitj-- increases with growth. 
Care should be taken to correct as much of the valgus as possible at the 
original operation. Bilateral supramalleolar osteotomies for correction 
of valgus deformit 3 '' of the ankles were done in Case 1, as stated in the 
case report. A similar operation will be required in Case 3 at a later date. 

Objections may be raised to the use of homogeneous grafts. Autog- 
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Fig. S-A Fig. 3-B 

Case 2. Preopeiative roentgenogi ams showing congenital pscu- Case 2. Roentgenograms taken four inontiis postoperatively 

uartnrosis of the right tibia with associated defect in the fibula. sliow .solid bony union of tlie giaft to tlie pioximal and distal 

fiagmentb, with beginning union at the fiacturc site. 
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cnous grafts arc ]irc- 
fcrrcd, but in cliildrcn 
it is difficult to secure 
sufficient bone for a 
good onlaj' graft, and 
impossible to obtain 
enough for a dual 
graft. Practically, 
the homogeneous 
grafts have worked 
out nicely in the cases 
rejiorted. The blood 
groupings of the bone 
donors and the pa- 
tients are recorded 
for interest. It prob- 
ably makes little dif- 
ference whether the 
patient and the bone 
donor are of the same 
blood group, as bone 
is transferred, not 
blood. Alan De Forest 
Smith reported suc- 
cessful homogeneous 
grafts from bone 
donors in whom the 
blood grouping Avas 
not the same as that of 
the recipient, as v'ell 
as in instances where 
the blood was com- Pjg 3 ,q 

patible. Whether or Case 2. Roentgenograms taken eighteen months post- 
not bone t3''pes exist operatively. Thei e is solid bony union. A new medullaiy 

1 , , . ] canal has been established aci OSS the fracture site. Defect 

maj'^ oe uetermineu jjj fibula is still present Note the “hour-glass con- 

in the future. striction” at the fracture site. 

CASE REPORTS 

Case 1.* S. A., white female (Campbell Clinic No. 15366), was first seen on Julj' 
6, 1925, at the age of twenty-seven months. The anterior bowing of the leg was noticed 
during infancy, and fracture of the right tibia was first discovered at the age of fifteen 
months. The patient was placed in a cast for four weeks, and a brace for six months. 
The anterior and lateral bowing of the lower one-half of the tibia and fibula gradually in- 
creased. On admission, pseudarthrosis was demonstrated clinically and roentgeno- 
graphically. In addition to the pseudarthrosis of the tibia, there was a defect in the 

* Dr. Willis C. Campbell performed the bone graft on this child. The author is 
indebted to him for permission to include this patient in the series. 
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fibula (Fig. 2-A). From history and roentgcnographic findings, the pseudarthrosis was 
probably secondary to a bone cyst. 

July 10, 1926: A massive onlay bone graft was done, using a tibial graft from the 
mother. Six circular silver-wire loops were used to fix the transplant to the tibia. Can- 
cellous bone w'as packed about the fracture site. The mother’s and patient’s blood were 
of the same group and compatible. 

August 21, 1925: The wound had healed 1)3' primar}' intention, and a new cast was 
applied. 

February IS, 1926: A roentgenogram showed tliat bony union had occurred, but that 
a medullary canal had not been established across the fracture site (Fig. 2-B). 

May 22, 1926: Cast immobilization was replaced 1)3' a brace. 

Jidy 6, 1926: Roentgenograms revealed solid bon 3 ' union. A new medullary canal 
w'as being formed through the fracture site. The silver wires were removed. 

October 9, 1926: The patient was developing a slight knock-knee deformit 3 ', for which 
splints were fitted. Roentgenogram showed solid bon 3 ’ union. A new medullar 3 ' canal 
had been established. 

il/ay 20, 1937: There was a valgus of 30 degrees of the right ankle, and 25 degrees of 
the left ankle (valgus of the left ankle was due to a congenital pseudarthrosis in the lower 
end of the left fibula). A supramalleolar osteotom 3 ' for correction of this deformit 3 ’ was 
advised. 

Febriiary 22, 193S: A supramalleolar osteotomy was done to correct the valgus of the 
right ankle. 

September 27, 1938: A supramalleolar ostcotom 3 ’ was done to correct the valgus 
deformity of the left ankle. 

Following these procedures, both osteotom 3 ' sites healed normally. 

October 22, 1940: At the age of seventeen, fifteen years after the bone graft, the right 
lower extremity was of the same size and strength as the left, except for three-eighths of 
an inch of shortening on this side. Roentgenographic examination revealed the right 
tibia to be of the same size and contour as'thc left (Fig. 2-C). Approximateh’ 10 degrees 
of valgus of the ankles were still present. I'here was normal range of motion in the joints 
of both lower extremities. The patient walked without a limp, and carried on normal 
activities for a girl of her age. She stated that she was not handicapped in any way by 
her former pseudarthrosis. 

Case 2. H. L., a white male (Campbell Clinic No. 41036), first seen on Ma3'25, 
1937, at the age of two and one-half 3 'ear.s. False niotion and angulation of the lov er 
third of the right tibia and fibula were present at birth. One operation for correction of 
the deformity had been done at the age of nine months. On admission, anterior bovMng 
of the leg w'ith free motion at the fracture site was present. Roentgenograms shove 
pseudarthrosis of the tibia and fibula. 

June 21, 1937: The tendo achillis was lengthened and Hallock’s operation was per- 
formed. The multiple chip grafts were removed from the mother's ilium. 

July 26, 1938: Roentgenograms showed absorption of the chip grafts. There vas 
free clinical motion at the pseudarthrosis (Fig. 3-A). 

March 2, 1939: An onlay bone graft (from the mother’s tibia) secured with vita lum 
screws was performed and cancellous bone packed about the fracture site. The mo ler s 
blood group was the same as the child’s. rl - 

June SO, 1939: Roentgenograms revealed union of the graft to the proxirnal an is 
tal fragments, and apparent beginning union at the site of pseudarthrosis (Fig- 3- )• ^ 

November 18, 1939: Roentgenograms revealed bony union at the site of the congeni 
pseudarthrosis. There was a tendency toward hemi-hour-glass constriction at t e rac 
ture site. A new medullary canal had not been established. . . 

March 6, 1940: Roentgenograms showed union at the fracture site and eginn 
formation of a medullary canal. 

May 10, 1940: The vitallium screws were removed under local anaesthesia. 

September 26, 1940: Roentgenograms showed that the medullary cana a 
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Fig. 4-A 

Case 3. Preoperative roentgenograms show congenital pseudarthrosis of the 
left tibia with associated defect in the fibula. 


established between the proximal and distal fragments. There was still a constriction 
at the fracture site (Fig. 3-C). The affected extremity was three-eighths of an inch shorter 
than the normal one. 

Case 3. W. J. W., white female (Campbell Clinic No. 46921), first seen on July 
19, 1939, at the age of five years. Fracture in middle third of the left tibia was present 
at birth. A bone graft, using the fibula from the other leg, had been done at the age of 
one year. This was followed by cast immobilization for three years. On admission, 
there was anterior and medial bowing of the tibia and definite non-union both clinically 
and roentgenographically (Fig. 4-A). The left lower extremity was three-eighths of an 
inch shorter than the right. 

July 22, 1939: Dual bone grafts were applied, using tibial bone from the father. 
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Cuncellous bone was packed about (he fracture site and between the grafts (Fig. 4-B). 
Tlie patient’s blood grouping was Type IV; the father’s was Type II, and not compatible. 

September S, 10S9, and Janiianj 26, 1940: The cast was changed. Roentgenograms, 
taken on the latter date, showed absorption about the head of one of the screws in the 
tibial graft on the medial side (Fig. 4-C). 

Frhnianj 19, 1940: The screw mentioned above was removed under local anaesthesia 
and a new cast was applied. 

April 5, 194O: A walk- 
ing cast was applied. 

May 14, ;5.{0:The cast 
was removed. The frac- 
ture was clinically solid. 

A jointless leather lacer 
brace from groin to toes 
was fitted. 

Avgust 13, I94O: The 
pseudarthrosis was roent- 
genographieally solid, but 
a new medullary canal had 
not been established. 

December 27, 1940: 

The vitallium screws were 
removed under local anaes- 
thesia. There were 15 de- 
grees of valgus of the ankle. 

The affected leg was three- 
eighths of an inch longer 
than the normal. Roent- 
genograms showed bony 
union (Fig. 4-D). 

Case 4. R. L. D., 
white male (Campbell 
Clinic No. 35657), was first 
seen on March 25, 1935, 
at the age of three. From 
the history it was learned 
that the lower extremities 
had been apparently nor- 
mal at birth. As the child 
grew, his parents noted a 
gradual anterior and lat- 
eral bowing of the left 
tibia. With the increase in 
deformity, a limp gradual- Fig. 4-D 

ly developed. On March Fm. 4 -B: Case 3. Roentgenograms show dual bone 
21, 1935, at the age of graft immediately follomng the operation, 
three, while walking, the Big, 4-C: Case 3. Roentgenograms taken six months 
patient turned his ankle postoperativelJ^ Note the absorption of bone about the 
and noticed immediate pain head of the proximal screw in the distal fragment. If this 

■ 1 ii,- j absorption occurred with a single graft, the result would 

in the lower third ot the pi-obably be a failure. This screw was placed too close 
leg. Following this, he ^ the fracture site. 

refused to bear weight on 4-D: Case 3. Roentgenograms taken seventeen 

the leg. months postoperativel}^ Screws were removed on this 

Roentgenograms re- date. Bony union was present. 
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Fig. 5-A 


Fig. 5-A : Case 4. Pi eoperati ve roentgciioprains, showing 
pseudarthrosis of the left tibia. Roeiitgcnogiains taken 
prior to this date illustrate that the fiacture occuned 
through a bone cyst. 

Fig. 5-B: Case 4. Roentgenograms taken two months 
postoperatively, showing dual bone graft. 

Fig. 5-C: Case 4. Roentgenograms taken seven months 
postoperatively. There is bony union at the fracture site. 


vealed a fracture at the 
junction of the lower and 
middle thirds of the tibia, 
through a bone cyst. 

^farch 26, 1935: A 
plastcr-of-Paris cast was 
applied with the leg in as 
near normal position as 
possible without manipula- 
tion under an anaesthetic. 

May 29, 1935: the 
cast was removed and a 
brace fitted. 

November 16, 1936: A 
tenotomy of the tendo 
achillis was performed and 
the deformity partially 
corrected by manipula- 
tion. Skeletal traction 
was applied to correct the 
deformity giadually. 

November 27, 1936: A 
long leg cast was applied. 

May 13, 1937: The 
cast was removed, and a 
leather lacer brace ap- 
plied. 

September 20, 1939: 
The patient i eturned. He 
had not been wearing the 
brace. Pseudarthrosis 
persisted at the junction 
of the middle and lower 
thirds of the tibia. Angu- 
lation at the site of the 
fracture was 40 degrees 
(Fig. 5-A). The affected 
lower e’ltremity was smaller 
and one-fourth of an inch 
shorter than the normal. 


September 23, 1939: At the age of seven and one-half years, dual onlay bone 
grafts were applied, using tibial grafts from the mother. The blood grouping of tie 
mother and patient were both Type II, and compatible. . . 

November 15, 1939: Roentgenograms shows dual bone graft two months following le 
operation (Fig. 5-B). 

J annary 26, 1940: Roentgenograms showed the beginning of bony union at the rac 
ture site with union of the grafts to the tibia. 

March 27, 1940: Cast immobilization was discontinued and a leather lacer race 
applied. , , 

April 17, 1940: Roentgenograms show solid bony union; however, a new me 


lary canal had not been completely established (Fig. 5-C). 

July 5, 1940: Under local anaesthesia, the vitallium screw's were remove . 
September 18, 1940: Roentgenograms show' solid bony union w'ith reesta 
of medullary canal through the area of pseudarthrosis. The affected leg w'as one- a 
inch longer than the unaffected leg (Fig. 5-D). 
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Fig. 5-D 

Case 4. lloentgenogi ams taken one year postopcrativelj’’. Solid bony 
union IS present and a new medullary canal 1ms been established across tlie 
fracture site. 

RESULTS 

In three patients with four single homogeneous grafts fixed means 
of wire^ loops, one union was obtained (Case 1). Three consecutiv^pa^ 
tients in whom vitallium screws rvere used all have bonj^ union. " 
grafts were used in the last two operated upon. One of these ( ase 
would probabljr have failed with a single graft as there was absoip ^ 
about one screAV head near the fracture site. These patients 
erated upon fifteen years, twenty-one months, sixteen months, an 
months ago. One patient (Case 1) has a normal lower extiemit} 
practical purposes, and is not handicapped in any way. Thiee 
(Cases 2, 3, and 4) are walking in leather lacer braces at the piesen 
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It is too soon {o report tlie final end result on the last three patients. 
From the present appearance of their roentgenograms, it is believed that 
all will ultimately have good weight-bearing extremities. The length of 
the affected lower extremities as comijared with the sound side in the pa- 
tients was as follows: Case 1, three-eighths of an inch shorter; Case 2, three- 
eighths of an inch shorter; Case 3, three-eighths of an inch longer; Case 4, 
one-half an inch longer. In the last three cases the leg lengths were 
checked with teleoroentgenograms. It is probable that the stripping of 
the periosteum near the epiphyseal lines to insert the dual grafts stimu- 
lated growth in Cases 3 and 4. 

CONCLUSIONS 

1 . Bony union is more difficult to obtain in congenital pseudarthrosis 
than in any other type of non-union. 

2. Union is moiu difficult to secure in younger than in older children. 

3. If union can be obtained in childhood, the ultimate deformit 3 '’ and 
shortening of the leg are lessened or ma}'' be avoided. 

4. The dual bone graft affords a sound mechanical procedure which 
should increase the percentage of bon 3 f unions in this condition. 

5. The technique of the dual graft ma 3 ’’ also be used in the treatment 
of bon 3 '- defects and in non-unions difficult to treat, i-esulting from causes 
other than congenital pseudarthrosis. 
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THE USE OF SULFATHIAZOLE IN THE TREATMENT 

OF 

SUBACUTE AND CHRONIC OSTEOMYELITIS * 

BY FRANK D. DICKSON, M.D., REX L. DIVEREV, M.D., AND RICHARD KIENE, 

M.D., KANSAS CITY, MISSOURI 

This presentation is to be considered merely a preliminary report 
and in no sense as a finished investigation of the subject. 

Hematogenous osteomyelitis is generally separated into three types, — 
acute, subacute, and chronic. This preliminary rejiort deals primarily 
with the subacute and chronic forms, although two cases are included 
which might be considei'cd acute. 

Broadly speaking, in the past four tyjics of procedure have been em- 
plojmd in the treatment of subacute and chronic osteomyelitis: 

1. The conventional method of thorough ddbridemeat of the focus 
or foci, followed by rejieated packing of the cavity with some form of ma- 
terial to provide drainage. 

2. The maggot method of Baer in which, after thorough debride- 
ment of the focus, live maggots arc introduced into the cavity. The 
maggots, acting as scavengers, remove all debids and produce a clean 
wound, which is allowed to heal by granulation, or is closed by secondary 
suture. 

3. The Carrell-Dakin method, which consists in thorough debride- 
ment of the focus, followed by irrigation of the cavity with Dakin’s solu- 
tion eveiy two hours, day and night, until the wound is free from infecting 
organisms, as demonstrated by laboratory methods. AVhen the wound is 
sterile, secondary closure is made. 

4. The Orr method in which, following thorough debridement, the 
cavity is packed with vaseline gauze and the I'cgion adequately immobil- 
ized in plaster and left undisturbed for long periods of time. This formula 
is followed until healing is complete. 

It is not our intention to discuss the relative merits of these foui 
methods of treatment, except to state that the first has been largel}’^ is 
carded by those who have had any considerable experience in the tieat 
ment of osteomyelitis. The Carrell-Dakin and Orr methods aie those 
most generally followed today, with the Orr method decidedly leading u’ 
popular favoK Both the Carrell-Dakin and the Orr methods have definite 
disadvantages. The Carrell-Dakin method usually requires a long pcuo^ 
of hospitalization and meticulous care in the daily dressings whic i ai" 
necessaiy. The chief objections to the Orr method, in the authois opi^^ 
ion, are the long period required for healing, and the fact that hea 
largely by scar tissue, — a real disadvantage in manj'^ locations. Recog 

* Read before the Ninth Annual Convention of the American Academy of Oi P 
die Surgeons, in New Orleans, Louisiana, January 15, 1941. 
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ing the disadvantages of tlic methods in use for tlie treatment of osteomye- 
litis, and liaving lieen impressed with the results reported b.y Key, Frankel, 
and Burford’, following the implantation of sulfanilamide in contaminat- 
ed wounds, the authors determined to try out sulfathiazole, administered 
by mouth and implanted in the Avound, in the treatment of subacute and 
chronic osteomyelitis. Sulfathiazole was selected because it is a more 
effective agent than sulfanilamide against the staph 3 dococcus, and so 
should be more effective in the treatment of osteomj’^elitis, in which 
staph.vlococcus is the infecting organism in 90 per cent, of the cases. 

The plan of attack was based on the statement made b}" Key, 
Frankel, and Burford that powdered sulfanilamide in a wound is similar 
to a test-tube experiment in which a concentration of approximatelj’’ 
1,000 milligrams of the drug is brought into contact with anj^ bacteria 
which ma.A" be present in the media. In such concentration, according to 
them, the sulfanilamide is effective against small numbers of staph 3 dococci 
and of Welch bacilli, and against large numbers of streptococci. These 
authors, as the result of their work, concluded that when sulfanilamide is 
implanted in a wound, the drug exerts a neutralizing effect on the toxins 
present, thus minimizing the amount of tissue breakdown, and that the 
drug converts bacteria into a static or non-pathogenic phase in which they 
do not invade the surrounding tissues and do not multiply. In this 
static state, the bacteria are taken care of b 3 ^ the normal clearing mechan- 
ism of the animal and are destro 3 ’^ed. It ivas felt that if this premise was 
sound — and it seemed to be — a thorough debridement of the sinus and 
infected bone in subacute and chronic osteom 3 'eIitis, and the introduction 
of sulfathiazole powder into the wound should be effective in the same wa 3 ’' 
against the comparativel 3 ’’ small number of staph 3 dococci and other con- 
taminating organisms which would remain. An additional indication for 
the use of poivdered sulfathiazole local^'^ was the considerable eiddence 
to show that pus is a definite depresser on the action of the sulfathiazole 
group, and that fibrous encapsulation of a focus makes it difficult for the 
drug to reach the focus through the blood stream in sufficient concentra- 
tion to be effective. Both of these factors are present, to some extent, in 
subacute and chronic osteom 3 '^elitis; and consequent^, the effect to be 
expected from sulfathiazole administered b 3 '’ mouth alone would be 
minimal. 

The plan of treatment was; first, the administration of sulfathiazole 
for at least three da 3 '^s before operation in sufficient quantities to assure an 
average blood concentration of 4.7 per cent, (the purpose of this was to 
secure whateA'^er benefit AA^as possible from the presence of the drug in the 
blood stream); second, thorough debridement of the local focus and the 
introduction of poAA^dered sulfathiazole into the AA’ound. The local treat- 
ment AA'as carried out as folloAA’s: 

1. A tourniquet AA'as applied to the extremit3" to be operated upon 
and kept in place until a cast AA^as applied folloAA'ing the operation. 

2. The sinus tract or tracts AA'ere injected AAitli meth3dene blue for 
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the purpose of staining and so outlining all necrotic material in the soft 
parts and in the bone. 

3. The sinus was completelj’’ dissected out down to the infected area 
in the bone. 

4. The involved part of the bone was freel.y exposed and, using mallet, 
chisel, and gouge, all dead and necrotic bone, stained by the meth 5 dene 
blue, was removed, and the cavity sauccrized as thoroughl}’^ as possible. 
The rough edges which remained were smoothed off by the use of an elec- 
tric burr. 

5. All scar tissue in the soft jiarts was dissected awa}' as extensively 
as possible, thus providing healthy tissue which could be brought into 
contact with the bone cavity when closure was made. 

6. One to two grams of .sulfathiazolc powder was then introduced 
into the wound, using a nasal insufflator. 

7. The deep soft jiarts were then sutured with interrupted sutures 
in such a manner as to bring them into as close contact as possible with 
the denuded area of bone. Additional sulfathiazole powder was intro- 
duced into the wound and the superficial structures were closed with inter- 
rupted sutures. The skin ivas closed with cotton thi-ead. A voluminous 
firm dressing was applied in such a manner as to press the soft parts firmly 
into the bone cavity. Finally, a plaster cast was applied, to adequately 
immobilize the extremity. 

This treatment was first administered on August 1, 1940, since which 
time twenty-two osteomyelitic foci have been treated by this method. 
The following is a summary of the cases: 

The number of hematogenous ostcomjmlitic foci treated was eighteen. 
The duration of the osteomyelitic process in the individual varied from 
nineteen years to thirt 3 ’’-soven days. The average duration was four 
and eight-tenths years. The duration of the activity in the particular 
focus treated also varied. The longest period of duration was two yeais, 
the shortest one week, and the average duration twenty-three weeks. 

The drug was administered bj’' mouth on an average of five and nine- 
tenths day’^s before surgery and fifteen days after surgery. The aveiage 
daily dose of the drug by mouth was 0.11 grams per kilogram or five grams 
per 100 pounds of body weight. The range of blood concentration during 
administration by^ mouth was from one to thirteen milligrams pei 10 
cubic centimeters. The average blood concentration on the day'^ of opeia 
tion was 4.7 per cent. 

The results were as follows: Fourteen of the eighteen cases, oi 
cent., healed by primaiy union; two, or 11 per cent., did not heal; an "O) 
or 11 per cent., have been too recently treated to report. The average 
length of time from the day^ of operation to healing was twenty-one ays^ 
In many of these cases, approximately 50 per cent., there was some 
ficial breaking down of the sldn incision, not in its entirety but at one 
two points. These areas healed within one to two weeks in all cases 

The two unhealed cases are of interest. The first of these was 

THE JOURNAL OF BONE AND JOINT SUE 



SUI.FATIIIAZOLE IN TREATMENT OF CHRONIC OSTEOMYELITIS 519 


osteomyelitis of the mandible, which apparentlj'- healed. Within a week 
following apparent healing, there developed a discharging sinus which, 
when ])robed, did not seem to lead down to bone, but which continued to 
discharge. The authors are unable to offer an}'- e.xplanation for this situa- 
tion, since osteomyelitis of the mandible ordinarily heals rapidly. The 
second case was one in which the infection was due to the bacillus coli, 
determined before surgery was undertaken and at the time of operation. 
The inefficacy of sulfanilamide and sulfathiazole against bacillus coli is 
well recognized, and was certainlj’- demonstrated in this case. The 
authors believe that a proved bacillus coli infection should not be treated 
b}"- this method. This case is now being treated b}’- the Carrell-Dakin 
method, and, as soon as the colon infection is cleared up, the wound will be 
closed by secondary sutures and poAvdered sulfanilamide or sulfathiazole 
introduced into the wound. In one acute case the wound Avas opened and 
drained for thirtA’--seA’'en da3''s, and then closed, using sulfathiazole poAvder. 
This AA'ound closed b}' primaiy intention and has remained closed. A sec- 
ond case, AA’hich had some of the characteristics of an acute case, Avas of a 
boy Avhose original focus, in the loAA'er end of the femur, had been healed for 
five months. The neA\- focus aa'rs in the upper third of the femur, entirel}’- 
separate from his original focus. AVhen seen, the abscess had ruptured 
through the periosteum, and the thigh AA'as distended AA'ith pus AA'hich had 
infiltrated betAA’een the muscle planes, forming man}^ pockets. This 
case after debridement AA'as treated by the Carrell-Dakin method for ten 
da 5 's. At the end of ten da 3 ’-s, secondaiy closure AA'as carried out, using 
sulfathiazole poAA'der in the AA'Ound. This Avound healed by primary in- 
tention in three AA'eeks and has remained closed for tAA'O and a half months. 

In addition to the eighteen osteom3'elitic foci of hematogenous 
origin, four cases, in AA'hich the osteomyelitis folloAA'ed a compound fracture, 
haA'e been treated b}' this method. In these four cases, the longest period 
during AA'hich infection had been present AA'as four 3'ears, the shortest Avas 
fort3'-one days, and the average Avas nineteen months. In all four cases 
healing Avas complete. The average length of time betAA'een surgery and 
healing AA'as tAA'ent3'-six da3'S. The blood concentration of the sulfathiazole 
and the amount of poAvder used locall}' AA'as the same as that in the cases 
of hematogenous osteom3'-elitis. 

If the four cases of osteomyelitis folloAA'ing compound fracture are 
added to the eighteen cases of hematogenous osteomyelitis, the series re- 
ported includes tAA'ent3'-tAvo cases. Of the Avounds in these tAA'enty-tAA'O 
cases, eighteen, or 82 per cent., healed; tAA'o, or 9 per cent., failed to heal; 
and tAA'o, or 9 per cent., are too recent to report. The average length of 
time required for healing after operation in these twent3'-tAA'0 cases AA'as 
tAA'ent3'-three da3'S. 


CONCLUSIONS 

1. A series of tAA'ent3'-tAA'0 foci of subacute and chronic osteom 3 ’-ehtis 
is reported in AA'hich the treatment emplo3'ed AA'as the administration of 
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sulfathiazole by mouth, thorough debridement of the focus, and the intro- 
duction of sulfathiazole powder into the wound. In 82 per cent, of the 
cases in this series, there was healing b 3 '’ primar,y intention with an aA^er- 
age healing period of twentj’’-thrce daj'S following surger 3 ^ 

2. This is a comparativelj'- .small series of cases, and no attempt can 
be made from it to arrive at a final conclusion as to the value of the method 
proposed. Howei'er, the results haim been sufficientlj'^ satisfactoiy, both 
in regard to the type of healing and the healing period, to suggest that the 
method should be given a thorough trial. 

1. Key, a. J. ; Frankel, C. J. ; and Burford, T. H. : The Local Use of Sulfanilamide in 
Various Tissues. J. Bone and Joint Surg., XXII, f).o2, Oct. 1940. 
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A METHOD OF CORRECTING THE DEFORMITY IN SCOLIOSIS 
BEFORE PERFORMING THE FUSION OPERATION 

BY A. B. LBMESURIER, M.B., TORONTO, ONTARIO, CANADA 
From the Hospital for Sick Children, Toronto 

The most satisfactory method, at present available, of treating cases 
of scoliosis, jiarticiilarl}'^ those cases where the deformity is already fairly 
marked and almost certain to become worse, is the method that has been 
developed over a period of years at the New York Orthopaedic Hospi- 
tal. There are three main principles that govern this method of 
treatment: first, to find out which is the primary curve; second, to make 
this primary curve as straight as possible; and finally, to stiffen this curve 
permanently in the straightened position by a fusion operation. All these 
principles are excellent. 

The most difficult part of the whole treatment is the straightening of 
the primary curve. In most cases for which this method is used, the pri- 
mary curve has become so stiff that it cannot be straightened completely. 
It can be improved a good deal, particularly towards its ends, by bending 
the spine in the opposite direction, but there is a limit to the amount of 
improvement that can be obtained. As far as the author has been able 
to find out by using different amounts of bending force and observing their 
effects by roentgenograms, increasing this force straightens the curve until 
a certain point is reached, when the correction stops rather suddenly. 
Any greater force will not produce any further correction of the primary 
curve, although it may increase the more flexible secondary curves. The 
Risser jacket, as used at the New York Orthopaedic Hospital, can, by 
its turnbuckle, be made to exert a great deal of force, but this great force 
is not necessary, and is sometimes dangerous. Once the limit of correc- 
tion is reached, and there is no further yielding of the spine, strong pres- 
sure comes against the skin and, if the turnbuckling is continued beyond 
this point, a pressure sore will result. It is difficult to tell when the limit 
of correction has been reached and when the skin has been subjected to as 
much pressure as it will stand. In using the turnbuckle, one is apt to go 
too far and produce a sore or, from caution, to stop too soon and fail to ob- 
tain all the correction possible. Besides this difficulty in knowing how 
far to go with the turnbuckling, there are other objections to the Risser 
jacket. The whole method seems unreasonably complicated, requires a 
great deal of attention, and takes a fairly long time before the patient is 
ready for the fusion operation. Further, during the process of correction, 
the jacket is bent around one point, whereas the body bends at several 
levels. The shape of the jacket and that of the body change differently 
and, in the final position, the position in which the patient has to remain 
for a long time, the jacket does not fit, and may cause undue pressure 
on two or three points. 
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In an attempt to overcome these objections to the turnbuckle jacket, 
the author has, in the past two and a half years, been doing the correction 
in a different way. The patient is placed on his side in a net hammock, 
and the two ends of the hammock arc slung up to the ceiling with the body 
bent rather sharply in a direction to correct the primary curve (Fig. 1). 
He is placed in the hammock for an increasing length of time each day un- 
til he becomes used to the bent position. While he is hanging in the ham- 
mock in this position, a plaster is applied which extends from the head to 
one foot (Figs. 3 and 4). A window is cut in the back of this plaster and 
the patient is ready for the fusion operation. No further alteration in the 
plaster is necessary, and the patient is kept in the same plaster in the same 
position until about three and a half months after the opeiation. 



Fig. 1 

Patient suspended in hammock, ready for application of plaster. 
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Tliis Diothod is no more efficient in correcting the primary curve than 
is the Risser jacket, but the author believes that it is just as efficient and 
that it has certain advantages. Several attempts have been made to 
obtain more correction of the stiff curves than can be obtained by the 
hammock alone, but vithout success. In one case the jacket, applied 
with the patient in the hammock, Avas converted into a hinged jacket, and 
bent further b5'- a turnbuckle. Roentgenograms showed that none of this 
increased bending took place in the primary curve. The patient soon de- 
veloped a pressure sore with the turnbuckling, and the method was there- 
fore not tried again. It Avas thought that, by prolonged stretching of the 
shortened structures on the concaA'e side of the cuiwe, it might be possible 
to increase the amount of correction. ScA'eral patients AA^ere placed in 



Pig. 2 


Application of sponge-rubber padding. 
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Pig. 3 

Completed jacket fiom the back. 



the roentgeuogram.s taken in the hammock did not sliow any increase in 
the correction after the first few da 5 '’S. It was also thought that fixation 
for a while in the position of extreme correction might result in enough soft- 
ening of the resistant structures to alloAV further correction. Two pa- 
tients Avere put in plaster in the hammock, and in about three AA^eeks' time 
the plaster AAms remoAmd. After being placed in the hammock for tAA'o or 
thiee days more, another plaster AAms applied, AA’ith no further improA'^e- 
ment in the primary ciii'Am. 

The author is, therefore, couAunced that the stiff primary curAms can 
be corrected to a certain limit by a moderate amount of bending force, 
and cannot be corrected further by any reasonable force that the patient 
can stand. The amount of bending force required to correct the curA’^e 
to its limit can be as aa'cII obtained in the hammock, as it can AA'ith the 
turnbuckle jacket, or AAuth any other mechanical force applied externally- 

This hammock method has certain adA'^antages OAmr the turnbuckle 
jacket. It is much simpler, and, aside from the super A'ision necessary 
during the preliminary daily suspension, requires Amry little attention. 
The application of the plaster, AA'ith the patient in the hammock, is easy, 
and, once the jacket is applied, it needs no further alteration. In the ham- 
mock, it is fairly easy to tell Iioaa'’ much bending the patient aauII stand, and 
it is comparathmly simple to adjust the position so that the maximum 
amount of correction is obtained, AAothout undue discomfort, and AAdthout 
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Completed jacket from the front. 

undue pressure of the plaster on the skin. The plaster is put on with the 
patient in the final position and should fit accurately during the whole 
time that it is on. It is comfortable and there has been no trouble with 
pressure sores. The jacket applied in this way is much less bulky than the 
turnbuckle jacket, which is a help when roentgenograms are taken and 
during the operation. The main advantage is that the method is quicker, 
and the amount of time taken to get the patient ready for operation is 
considerably shortened. 

There are several details that have been learned about the use of the 
hammock. The net is the ordinary fish net, with about a one-inch mesh, 
and should be made of cord that has very little yield to it. The net 
stretches in length when the patient is placed in it, but there should be no 
further stretching once the application of the plaster is started. The strip 
of net should be long enough to extend well beyond the patient at either 
end, and should be about sixteen inches wide before the patient is put in 
it. If it is too wide, it is difficult to pull out from under the plaster, and, 
if it is too narrow, the patient may slip out of it. The hammock is sus- 
pended by its two ends over pulleys, which are so arranged that the dis- 
tance between them can be altered. The whole suspending apparatus 
should be strong and, as a further precaution against accident, a stretcher 
should be kept under the patient when he is in the hammock. The bend- 
ing of the patient is brought about by the force exerted chiefly on the head 
and on the lower of the two legs. The upper arm and upper leg are also 
suspended, but only enough pull is applied to these to keep the body from 
rotating. The lower arm hangs through a hole in the hammock, and may 
be allowed to rest on the stretcher beneath. 
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The position in which the patient is suspended, when the plaster is 
applied, is important. In the hammock, the bending takes place along the 
whole length of the spine, but mostly at the part of the spine that is lowest 
when the patient is in the hanging position. The point of maximum 
bending can be shifted toward the upper part of the spine by raising the 
leg end of the hammock, or shifted toward the lower part by raising the 
head end. The maximum bending should take place at, or slightly below, 
the apex of the primary curve, and the hammock should be so suspended 
that this part of the spine is the lowest })art. To obtain the maximum 
correction of the curve, the two ends of the hammock should be as close 
together as the patient will stand Avithout undue discomfort. When the 
patient is first put in the hammock, this bending is uncomfortable, and is 
resisted by the muscles. The first suspension should last for only a short 
time and should be done with the ends of the hammock fairly far apart. 
The patient soon gets used to the position, and the length of time is in- 
creased each day with the ends of the hammock brought closer together. 
It will be found that there is a definite limit to the amount of bending that 
each patient will stand, and there is no way of extending this liinit. iWien 
the ends of the hammock are brought close enough together to cause 
marked discomfort, and Avhen the tendency to rotate the body becomes 
uncontrollable, it means that too much force is being applied, and pro- 
longed suspension in this position Avill not make it any more tolerable. 
The ends of the hammock are then separated slightly, until the patient is 
reasonably comfortable, and this poisition is accepted as the best position 
obtainable. Exactly the same position is maintained for any further 
use of the hammock that is necessary, and for the application of the plas- 
ter. Figure 1 shows the patient suspended in the hammock in the best 
possible position for a stiff curve Avith its apex at the seAmnth thoracic 
Amrtebra. The suspended ends of the hammock are as close together as 
the patient Avill stand, and the foot end is enough higher than the head 
end to bring the maximum bending force to about the leAml of the seventh 
thoracic Amidebra. If the ends are any closer together, the patient wi 
haAm a good deal of discomfort AAdiile in the hammock, and this discomfoit 
Avill persist for some time in the plaster, Avithout any improAmment in the 
position. If the apex of the curAm is at the ninth thoracic Amrtebia, t le 
head end of the hammock should be relatiAmly higher than sIioato in t le 
photograph. If the foot end is much higher than shoAvn, the cerAUcal 
AAull be rather sharply bent, and the brachial plexus may be injuie y 
stretching. The position of the spine obtained in the hammock can easi y 
be shoAvn by roentgenograms taken AAuth a portable machine. As a rn e, 
during the last tAvo days roentgenograms haA^e been taken Avith the pa lei 
in tAvo slightly different positions, to determine AAdiich position is the 
It takes, on an aA^erage, about a Aveek or ten days of being placed in 
hammock, before the patient can stand it for a long enough time to la 
the plaster applied. . . 

With the patient hanging in the hammock, the actual apphca mn 

THE aOURNAI. OF BONE AND JOINT SUB 







528 


A. B. LEMESURIER 



Fig. G-A 

Paralytic scoliosis. Position befoie tieatment, patient standing. 


the plaster is comparatively simple. If the net is to be pulled out after- 
wards, it .should be placed next to the skin. The only padding used is a 
single layer of porous sponge rubber, about half an inch thick. This has 
proved to be very satisfactory and comfortable, and, even in hot weather, 
causes no trouble with the skin. It is obtained in sheets about three feet 
square, which are cut to fit the patient fairly accurately, and are held in 
place by a few stitches (Fig. 2). It is somewhat elastic, and adapts itse 
fairly well to the contour of the body in the bent position. When the 
plaster is completed, the rubber is turned over at every edge and fixed y 
a few stitches and by additional turns of plaster. Putting on the sponge 
rubber padding adds somewhat to the time and trouble taken for the ap 
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Fig. 6-B 

Pieoperative loentgenogram of the patient in plaster, showing correction ob- 
tained in the hammock, 

plication of the jacket, but, as the patient has to lie in the jacket for three 
or four months, the additional comfort makes it worth while. The lower 
part of the plaster is applied in much the same manner as a hip spica, ex- 
tending upward to just below the axillae. Several turns are then put 
around the head just above the ears, and this head piece is joined to the 
plaster over the back by a slab of plaster, wide enough to allow the upper 
part of the ivindow to extend into it, and strong enough at its edges to keep 
from breaking. The leg that is high with the patient in the hammock — ■ 
that is the one on the convex side of the original primary curve — is the 
one included in the plaster. In most cases the whole length of the leg and 
the foot are included. This is done because, with the plaster ending above 
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the knee, the pelvis sometimes tilted within the plaster, and some of tho 
bending obtained in the lower part of the spine was lost. To prevent this 
downward tilting of the pelvis on this side, the plaster was extended to 
include the foot, and was applied with a moderate ipnvard push on the 
sole. These patients usually sleep on their back, but prefer to s])end most 
of the day on their side, with the leg in the air. The inclusion of the knee 
in plaster makes this position more comfortable. The plaster extending 
from the head to one foot is .surprising!}’’ comfortable and very elBcient, 
and none of the bending obtained by the hammock is lo.st as long as the 
plaster is on. 

The whole subject of thetreatment of scoliosis by correction and fusion 
was very well described in the ]’)apcr l)y Smith, Butte, and Ferguson. 
In that paper two points were mentioned which are not alwa3’s followed, 
but which are important enough to emphasize. One is tliat if the primary 
curA'c cannot Idc completely straightened, the fusion should be extended 
upward and downward into the compensatory curves, until vertebrae are 
reached that are parallel and centered in the same line. If this is done, 
the fused part of the spine is made into a solid block of bone which may 
not be straight, but which has its top and bottom surfaces parallel and in 
line. This is much better than the more or less wedge-shaped block of 
bone produced if the fusion does not extend far enough. The other point 
is that the fused part of the spine should be protected against bending for 
a long enough time after the operation to allow tho fusion to become solid. 
In the Hibbs operation h the available bone has always seemed insufficient 
in amount, and, for some years, the author has been adding to this bone 
by cutting several long thin sliver grafts from the tibia. These grafts 
are placed in the gutter, under the bone flaps raised from the sides of the 
spinous processes and backs of the laminae, and are so placed that they 
overlap each other. In children at any rate, this method produces a large 
column of bone that in time becomes .solid, and the author thinks that, 
with it, a pseudarthrosis is less likely. Wlien two fusion operations have 
to be done, the likeliest point for pseudarthrosis is the junction of the tvo. 
To avoid this, at the first operation the author has e.\tended the fusion 
about two vertebrae farther on one side than on the other so that, finall}, 
the junction of the tAvo fusions will be at different levels on the two sides. 
No matter hoAv the fusion is done, it will be a long time before it is so i , 
and the spine should be protected until it is solid. The original ben 
jacket, applied in the hammock, is removed three and a half months a ter 
the last fusion operation, and then a shorter and straighter jacket is 
applied, in which the patient is able to walk about. A jacket ending 
low the armpits provides practically no support to a curve of the usua^ 
level. To the jacket .should be added a loop of plaster over the s lou 
that keeps the neck bent slightly in the same direction as the j. 
plaster. This straighter jacket should be kept on for a A-arying 
time, depending on hoAv much bending strain there is. If there is a 
siderable amount of curA’e still present, and if there is much muse e pari 
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sis, the support should be continued for a long time, sometimes as long as 
a year and a half. If the curve has been completely straightened, and 
there is no muscle paralysis, the jacket is continued for at least seven 
months after the last fusion operation. 

The only thing really new offered in this paper is the use of the 
hammock for the correction of the curve, and for the holding of the 
patient while the plaster jacket is being applied. This method has been 
used in twenty-seven cases and has been found to be considerably more 
satisfactory than the turnbuckle jacket. 
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HISTORY 

Before tlic advent of tiie automobile and the roentgen ra}'^, disloca- 
tions of the hip associated vith fractures of the acetabular lip held a fas- 
cination for the surgeon largel.y because of their rarit}". Diagnosis could 
be established -with certainty only by postmortem examination, and con- 
sequently the lesion vas rarely recognized. 

The first authentic cases of fracture-dislocation of the hip, which were 
verified by autopsy examination, Avere reported by Sir Astlej" Cooper in 
■1805. Alalgaigne, in 1850, reviewed the twelve cases Avhich had been 
previousl.y reported, and postulated that the condition should be sus- 
pected if crepitation could be felt on manipulating the dislocated hip, or 
if the head tended to redislocate readily after its initial reduction. Thirty 
j’^ears later, in 1880, Senn, in a report based on twenty-seven clinical cases 
and experimental work on the cadaver, concluded that extreme violence 
was necessaiy to fracture the acetabular rim. Crile, in 1891, reported 
the first case of a dislocation of the hip joint, with fracture not onty of the 
acetabular lip, but also of a portion of the head of the femur. Since the 
advent of roentgenographjq fracture-dislocations of the hip have been 
reported Avith increasing frequency, notablj'^ by Stimson, Hamilton, Gate- 
Avood, Wheeler, Lenormant, Koven, Henderson, and more recently b 3 '’ 
Cubbins, Conlejq and Callahan, and by Grinda. 

In 1927 Breton and Blondeau pointed to the increasing frequenc}^ of 
this le.sion in automobile accidents, and gave it the name “automobile 
injurjr” of the hip joint. Nine j’^ears later Campbell reported eighty cases 
of posterior dislocation of the hip, thirty, or 37.5 per cent., of AA^hich AA^ere 
the tA'^pical fracture-dislocations AAuth which the authors are concerned in 
this paper. 

In 1938 Funsten, Kinser, and Frankel reAueAA'ed tAventj' cases of dis- 
location of the hip, AA^hich the.A'^ had folIoAved for at .least three A^ears. 
Thirteen of these AA^ere due to automobile accidents, and in nine cases the 
acetabular rim AA^as fractured. The results AA^cre good in eleA^en cases; 
aseptic necrosis of the femoral head deA’^eloped in six patients, thi’ee of 
AA'hom had to be operated upon later. These authors concluded that im- 
mediate reduction AAuth traction giA'^es good results; and that the longer 
the dislocation persists before reduction, the poorer the prognosis. 

The clinical studies of Dj'’es, SteAA-art, Phemister, Obwegeser, Pfab, 
Kleinberg, and Potts and Obletz haA’e demonstrated that the most 
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frequent complications of this lesion are traumatic arthritis and aseptic 
necrosis of the femoral head. Myositis ossificans and injury to the sciatic 
nerve occasionally occur. 




Fig 1-B 

Fig. 1-A; E\peiimental fi acture-dislocation of the hip in a dog. ..mpnt 
Fig. 1-B: Twenty-two weeks later there is marked lestiiction ot mo ,,’geks 
Fig. 1-C: Experimental fracture-dislocation of the hip aftei j ceneial- 

There is a laige amount of new bone around the acetabulum, ana ma , y 

ized fibrosis. The head is liding in a new acetabulum pu’ujnated 

coveied with fibious tissue except in one small aiea anteiioip’, wneie i 
and polished. 
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Fig. 1-D 

Section through the Iiead sliows complete di.^appearance of articular cartilage, 
thickening of the cortex, and fibrosis of the marrow space.s. 
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Fig. 2-A 


Expel imeiital fiacUne-clislocntion in the hip of a dog. 


MECHANISM 

In a few cases this injury has resulted from a fall on tlie flexed knee, 
usually from a height. In the majority of cases, however, the injury has 
been received in an automobile accident. Chai’acteilstically the patient 
is seated with knee and hiji flexed to 90 degrees, and is thrown suddenly 
forward, so that the knee strikes against the instrument panel. 

The tremendous force with which a person may be thrown against the 
instrument panel (or against the back of the front seat if he is riding in the 
rear seat) is well illustrated as follows: The kinetic energj’’ of a 150-pound 
body moving forty-five miles per hour is 10,200 foot pounds.* In bung- 
ing this moving body to rest, the same amount of energy must be e.xponde 
(10,200 foot pounds is equivalent to five tons falling one foot). 

That an enormous force is required to produce the lesion is also sug 
gested by the inability of various workers to produce it experimentail.y } 
direct blows on the flexed knee of the cadaver. Senn, in 1882, had one 
success in seven experiments, Allis in 1896, Virevaux in 1899, Fox an 
Schroeder in 1909, and King f in 1938 were unsuccessful. 

The force of the blow may be spent in disrupting the knee joint, lac^ 
turing the femoral shaft, or driving the femoral head out of, oi t 
the posterior wall of the acetabulum. As the head is drii^en out o 

* Calculations by Mr. Hackneju 

M X = 150X {66T- = 10,209 

32 32 . 

This figure is for a sudden complete ariestment of movement. In an 

dent there are, of course, many variables, -ysuch as speed of motion, weig -ggigtance of 

friction against the seat, distance in which the car motion is stopp , 

object struck, etc. 

t Experimental work unpublished. 
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acolabulum into a postcnorl.y dislocated position, a variety of fractures 
may result. The three common ones are: 

]. Posterior lip fracture. 

2. Sjjrain fracture of the femoral head (a small fragment of the head 
attached to the round ligament remains in the acetabulum). 

3. A transverse fracture across the floor of the acetabulum. 



Fig 2-B 


Roentgenogram shows lesult sixteen weeks latei 



Fig 2-C 


There is marked degenerative arthritis The Iiead is in a false acetabulum, and 
there is no cartilage on the head w Inch is markedly eburiiated and polished. 
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The importance of correcting the slightest incongruity of articular 
surfaces resulting from joint fractures has been recognized and repeat- 
edly emphasized for many years. This is particularly important in 
fractures into the joints of the lower extremity where weight-bearing 



Fig. 3-.4 Fig. 3-B 


Fig. 3-A: Case 1. Posterior dislocation of the left hip with a large fragment of 
acetabular lip. 

Fig. 3-B: The dislocation of the head is satisfactorily reduced, but the lip fragment 
is not in position. Note tlmt its articular surface lies about a centimeter above 
the arc of the main body of the articular surface. 



apparent, 


and 

ith 


Fig. 3-C Fig. 3-D 

Fig. 3-C: Posterior view one year later. The loss of joint ^ace is a 
due to recurrence of the subluxation. The hip is painful and stitt. 

Fig. 3-D: Roentgenogram shows the result after fusion. ..onlared ai 

Comment: The large acetabular lip fragment was not P ‘ , ’^^,j 

reduction was unstable. On weight-bearing gradual subluxation o > 

disintegration of the joint necessitating fusion. , .„„s union 

Operative Findings: There were posterior subluxation of the neaa, . ^ 

of the lip fragment in poor position, and loss of the articular reduce 

head with much fibrous tissue in the acetabulum. No ^ ‘ A i, Pptprsen nail- 

the head completely into the acetabulum. It was fused witii a om 

the jourxal of bone -AND joint -UK 
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Ciise 2. Posterior dislocation of the left Posterior view of the reduction accepted Result three years later. The hip was 

hip with lip fragment, and sprain frac- hy attending surgeon as satisfactory. stiff and painful, necessitating fusion, 

ture of tlic head. 
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makes them especially prone to the development of degenerative 
arthritic changes. 

The rapid disintegration which occiir.s in a hip joint following in- 
complete reduction of a fracture-dislocation is demonstrated by a series of 
eight such lesions experimentally produced in dogs. In each case a severe 



Fig. o-A Fig. 5-B 

Case 3. Reduction accepted as sat- Case 3. Six months later there w as 

isfactorj' by attending suigeon. complete subluxation. 



Fig. 5-C Fig. 5-D 

Case 3. Five years later the hip Case 3. Roentgenogiam sho\\s th 

was stiff and painful. result after fusion. 

ComvienU Posteiior dislocation and sprain fractuie of the head, uith a larg 
acetabular lip fiagment which was not replaced. nopfabuluni 

Operative Findings: Complete posterior dislocation was found, i ne . , 
was open posteriorly; the lip fragment was united to the il'uni above the a 
and there Mas complete disintegration of the joint. The head was i 
ilium in subluxated position. 

surgery 
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degree of degeneialive artliritis developed vithin a few weeks’ time. (See 
Figs. 1-A, 1-B, ]-C, 1-D, 2-A, 2-B, and 2-C.) This .same degenerative 
reaction lias been observed in a number of patients, due to either incom- 
plete reduction, or gradual redislocation on weight-bearing. Roentgeno- 
grams of three illustrative cases arc shown (Cases 1, 2, and 3). 

It is not the au- 
thors’ purpose to 
deal at great length 
with the treatment 
of the average case 
of fractui e-disloca- 
tion of the hip. In 
brief, they believe 
that many cases can 
be reduced by ma- 
nipulation, and that 
the lip fragment will 
come down with the 
head, falling natu- 
rally into its normal 



Fig 6-B 


Gluteus maximus muscle is split and reti acted (A, .4) 

Heniostats aie placed under the common tendon of the piriformis (C) and 
obturator mternus and gemelh (D). 

S=Posteiior superior iliac spine; F=Sciatic nerve; F = Quadratus femoris 
muscle; ?’= Trochanter. 



Patient is placed pi one upon the table, and the incision 
is made fiom the posterioi superioi iliac spine to the base 
of the trochantei of the right hip. 
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Fig. 6-C 

The tendon of the piriformis, obturator, and gemelli is divided, and the 
muscle bellies (C and D) are retracted medially, exposing the posterior wail of 
the acetabulum (G). The sciatic nerve (F) is protected at its exit from the 
notch by the muscle bellies. 

Gluteus minimus; F — Quadratus femoris; 7’ = Trochanter. 

position as the head reenters the acetabulum. If the lip fragment is 
small and narrow, it probablj' does not matter whether it comes completel} 
down or not, as little if anj"^ of the articular surface is involved. Hip- 
spica immobilization in abduction and external rotation for eight to ten 
weeks, with two more weeks in bed for exercises, will be adequate for stiong 
osseous union. 

However, in many instances inadequate reduction of the head, of t le 
lip fragment, or both, has been allowed to persist, thus establishing a pei 
feet set-u]i for the development of degenerative arthritis. This ma} e 
due to failure to recognize in the postmanipulative roentgenogram, a 
persistent subluxation,- or unfamiliaritj’’ with the surgical technique 
open reduction. . , ^ 

In this group there are many patients in whom, b}’^ opeiation, pei 
anatomical reposition can be established. The technique foi 
dure has been described accuratel 3 ’’ in the literature onlj^ once, bj n®' 
and Herd in 1929. Osborne, in 1,930, described a posterior appio^^ 

the retrocotyloid region, but never utilized it. i • j • their 

The authors wish; therefore, to describe the technique w nc i 
experience has been the simplest, surest, and safest for this ace 
redintegration. 
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Fig 6-D 

Ribbon letractor (J) is placed in the pelvis against the intrapelvic surface of 
the acetabular flooi The posterior hp fragment (H) is in its characteristic 
position 

Z/ = Head of the femur, 7ir=Silk thiead placed through the capsule 



Fig 6-E 

Lip fragment (H) is replaced. 
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THE OPERATIVE TECHNIQUE 

Tlic patient is placed iironc and close to the edge of the table so that 
the extremity ean be flexed over it if desired. The incision (Fig. 6-A) 
extends from the posterior superior iliac spine outward and downward to 
the ba'^eof the greater trochanter, and is deepened to the fibers of the gluteus 
maximus muscle. At its outer end the aponeurosis of this muscle is 
exposed and divided, thus opening the peritrochanteric bursa. A finger 
can now be placed inward and upward under the gluteus maximus mus- 
cle, which is divided the full length of the incision (Fig. 6-B). Veiy little 
bleeding is encountered, as the branches of the superior gluteal arterj^ are 
contained in the superior half of the muscle and the inferior gluteal tribu- 
taries are in the inferior half. The two halves of the gluteus maximus 
muscle are retracted from each other. This gives a complete exposure 
of the sciatic nerve, the gluteus medius, piriformis, obturator internus, 
gemelli, and the superior border of the quadratus femoris muscles. The 
interval between the superior border of the piriformis and the inferior 
border of the gluteus medius is located, and the tip of a curved hemostat 
inserted from above downward under the common tendon of the piri- 
formis, obturator internus, and gemelli. Another hemostat is inserted 
under this tendon from below, passing between the superior border of the 
quadratus femoris and the inferior border of the gemelli (Fig. 6-B). The 
tendon is now divided (Fig. 6-C), and, b}'- retracting the muscle bellies 
medialward, an excellent exposure of the posterior wall of the acetabulum 
is secured. The trunk of the sciatic nerve is well protected by these 
muscle bellies which fold over it much as a closed book enfolds a book 
mark. A long, narrow, ribbon retractor is placed in the pelvis between 



Fig. 7-A 

Case 4. After manipulation the 
head is in satisfactoiy position in the 
acetabulum, but the hp fragment is not 
leplaced. On allowing the extremity 
to approach a neutral position, the head 
diopped out of the acetabulum. 



Fig. 7-B 

Three j'ears after fixation of the lip 
fragment m ith a beef-bone screw. 
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Fig. 8-A Fig. S-B 

Case 5. Postei ior dislocation of right After manipulation the head is oppo- 

hip ith lip fragment in acetabulum. site, but not in the acetabulum. 


r ■ ' ~ flHi greater sciatic notch and tlu 

iscliial spine, and against the intra 
pelvic surface of the acetabular flooi 
(Fig. 6-D). Further exposure, if 
' needed, is easily secured bj’’ subperios- 

teal elevation of the gluteus minimus 

From this point the operative 
technique will naturally depend on the 
pathology present. In the average 
j ca.se the dislocation has alreadt’ been 
I reduced, and it is only necessary to 
I derotate the lip fragment (Fig. 

J place it in perfect anatomical position, 

Pjq g_Q and affix it with Matthews wires, nails, 

T) I c beef-bone, or vitallium screv (Fig. 

Postenor view five years aftei opei a- ^ 

tive removal of the fiagment and leduc- 6-F). Due to the thickness Oi 
nmmal ^'^^“cation; function vas tj^ere is plenty of 

bone in which the screw can get a good 
purchase. The screw must be placed at an oblique angle upnaid, hov 
ever (roughly toward the middle of the iliac crest), so as to avoid pene 
trating the articular cartilage. . 

Postoperatively traction, hip spica cast, or Wilkie boots haie e 
used. Active exercise is allowed in from eight to ten weeks, epeiR 
somewhat on the size of the lip fragment. In those cases ^ 
panAung sprain fracture of the head, full immobilization is 
at least eight weeks. Weight-bearing is permitted in from ten o 
weeks. 


Postei ior view five years aftei opei a- 
tive removal of the fiagment and i educ- 
tion of the dislocation; function vas 
noimal. 


THE JOURNAL OF BONE 


S-n ^ND JOINT SLRGEBV 



ri{ACTUni:-DISLOCATIONS OF THE HIP 


547 


INDICATIONS FOR OPEN REDUCTION 

Indications for open reduction arc illustrated by the following cases; 
]. Large lip fi-agment I’cmains displaced after manipulative I'educ- 
tion of femoral head (unstable reduction). 

C \si: 4 (Figs. 7-A and 7-B). A. de C., aged foi ty-five, wasinjui ed in an auto accident. 
The hip was easily i educed, hut the head leinaincd in tlie acetabulum only when abducted 




Fig. 9-A Fig. 9-B 

Case 6. Roentgenogiam and diagram of loentgenogiam show posteiior dis- 
location, lip fiagment, and spiain fra<'ture of the head 



Fig 9-C 


Aftei manipulation head i\as not 
pi Opel ly placed in the depth of the 
acetabulum, and the lip fiagment was 
not leplaced. 



Fig. 9-D 


Fig. 9-D: Postopeiative loentgenogiam taken following excision of the head 
fiagment, and leduetion and fixation of the lip fiagment with vitallium «ciew. 
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Fig. 10-A 

Case 7, Roentgenogram of the left 
hip taken after manipulation shows 
the head in the acetabulum, fracture 
through the floor of the acetalmlum, 
and large lip fragment not replaced. 



Fig. 10-B 


Condition disclosed at operation (pos- 
terior view). A: Lip fragment; B: Fracture 
through the floor of the acetabulum. 
internal-rotation displacement of the distal 
fragment. 



Fig. 10-C 


Roentgenogram shows the postopera- 
tive result. 


45 degrees and externally rotated. When the 
thigh was allowed to come to a neutral position 
the head dropped out of the acetabulum. A 
large fragment of the posterior lip remained 
displaced. At operation the lip fragment was 
found to be much larger than the roentgeno- 
gram would indicate, consisting of over one- 
half of the posterior lip. Without operative 
reduction of this fragment, progressive su 
luxation would surely have occurred on u eight 
bearing, followed by arthritic disintegration. 

2. The lip fragment is in the 
acetabulum. 

Case 5 (Figs. S-A, 8-B, and 8-C). L. A •. 
aged twenty-six, was injured in an auto acci- 
dent. The hip was manipulated, but reduc- 
tiou of the dislocation was impossible 
the lip fragment was displaced into t le ac 
tabulum. At operation the fragment vas 
found to be a very thin edge of acetabular P- 


Reduction was completelj’’ stable, and the fragment was removed. 


3. Sprain fracture of head prevents reduction. 

Case 6 (Figs. 9- A, 9-B, 9-C, and 9-D). C. W., aged forty-five, was injured 
accident. Repeated manipulations failed to place the head snugly in the 
Preoperative roentgenograms disclosed, in addition to the lip fragment, a siza ^ 
ment deep in the acetabulum, obviously attached to the round ligament, an 
spending defect in the inferior surface of the head of the femur. At opeia 
was redislocated from the acetabulum. The mass of cancellous bone a ac i 
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round ligament was obviously not fitting snugly into its bed in the femoral head. It was 
removed, and no further difficulty was encountered in reducing the head and lip fragment. 

4. Fracture through the floor of the acetabulum allows rotation of 
distal half of innominate bone, preventing reduction. 

Case 7 (Figs. 10-A, 10-B, and 10-C). G. W. was injured in an auto accident, and 
had a posterior dislocation, posterior lip fracture, and transverse fracture through the 
floor of the acetabulum. The posterior lip fragment remained high. At operation it was 
found that the lip fragment would not fit accurately into the defect. 

The head was redislocated, and, with the extremity externally rotated and adducted, 
and the posterior acetabular lip out of the way, a perfect view of the entire acetabulum 
was obtained. It was then obvious that the distal fragment had rotated inward about two 
millimeters, making a definite “jog” in the articular surface which prevented anatomical 
reduction of the head and lip fragment. The tip of a screw driver was inserted into the 
fracture line, and bj' Paying, the superior end of the distal fragment snapped into posi- 
tion. The femoral head was reduced, anatomical reposition of the lip fragment secured, 
and fixation accomplished by using two vitallium screws, one passing through the lip 
fragment into the superior fragment of the innominate bone, and the other through the 
lip fragment into the distal fragment of the innominate bone. 

(In a second case in which this happened, reduction of the inward 
rotation of the distal half of the innominate bone was secured without re- 
dislocating the femoral head. In neither of these cases was the displace- 
ment of the distal fragment visible in the roentgenograms.) 

5. An associated fi-acture of the femoral shaft prevents control of 
the head. 

One case has been treated and two others have been observed, in 
which there was a fracture of the femoral shaft, accompanjdng the fracture- 
dislocation of the hip. In two of these cases satisfactory reduction was 
accomplished by the insertion of a Steinmann pin through the trochanteric 
region. In the third case satisfactor}'- control of the proxiinal fragment 
was secured through the use of the pin, but operation was necessaiy be- 
cause the lip fragment was displaced into the acetabulum. 

SUMMARY 

A review of the literature shows that posterior dislocation of the hip 
with associated fracture of the acetabular lip is comparativelj'^ uncommon. 

It is characteristically an “automobile injuiy” and hence is increas- 
ing in frequency. 

Without perfect reduction, arthritic disintegration of the joint occurs 
rapidl 3 q due to mechanical incongruity of joint surfaces. 

Roentgenograms of good quality must be studied with great care be- 
fore the “reduction” is accepted. 

Open reduction is indicated when; 

2, Tlie lip fragment is large and does not come down into position 
when the head is reduced (unstable reduction). 

2. The lip fragment is in the acetabulum. 

3. Sprain fracture of the head prevents perfect reduction. 
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4. A fracture through the acetabular floor allow? rotation of the dis- 
tal fragment which prevents reduction. 

5. Femoral shaft fracture prevents control of the head. 

The author has obtained satisfactory reduction by this operation. 
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BY THEODORE A. FOX, M.D., AND GEORGE L. APFEEBACH, M.D., 

CHICAGO, lELINOIS 

From (he Fracture Service of Cook County Hovpital, Chicago 

The accepted management of treating fractures about the hip joint, 
other than fractures of the neck of the femur, has followed the rule of 
approximating the distal fragment to the uncontrollable proximal frag- 
ment, with the thigh in abduction and flexion. The authors have re- 
cently discarded this practice for what the}’^ consider a better method. 

Over a period of ten years, about 1,500 intertrochanteric fractures 
were treated on the Fracture Service by traction in a Thomas splint 
suspended in a Balkan frame, with the thigh flexed and abducted. For 
years the results were accepted as .satisfactory. Although shortening 
and coxa vara deformity were frequent, only one non-union, in a patho- 
logical fracture, was observed. 

The disadvantages of traction methods are minor when compared 
to the hazards of spica plaster casts which often result in high mortality 
and poor maintenance of reduction. 
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rubber balloon 
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Fig. 1 


Mechanical principles involved in treating intertrochanteric, pertrochan 
and subtrochanteric fractures in adduction instead of abduction tractio 
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Sonio have advocated the flanged nail in troclianteric fractures, which 
often splits the bone; but even if this fails to occur, the method does not 
permit the patient to be up any sooner than the eight weeks required for 
elosed traction-. 

Seeking improvement in the reduction of these fractures, the authors 
have apjilied the method of longitudinal parallel ligament and muscle pull, 
as used in the reduction of Pott’s fracture with separation of the tibio- 
fibular articulation*. 

The new method applies a physical law. AVhen two parallel bands 
lose their parallel position, equal force applied in their longitudinal axis 
realigns the bands (Figs. I A, IB, and 1C). 

If, for example, a partially inflated rubber balloon is placed between 
these parallel bands (Fig. 1^), they remain parallel, but, if the balloon is 
still further inflated, the bands lose their parallel position (Fig. 15). 
However, traction in the longitudinal axis tends to parallel the bands, 
and a lateral force compresses this ball vdth a force equal (approxi- 
matel.y) to the traction force (Fig. 1C). If the lower board spreader is 
moved lateralward and tilted, as would occur in abduction of the leg, 
one sling is relaxed (Fig. ID), and, when traction is applied, the effect 
of the medial pressure force is lost for the most part on the lateral side. 
Here, and in Figure 2D, the pelvic tilt is omitted for the sake of clarity. 

The coxa vara deformit.y in hip fractures is the inflated space, as in 
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. . rotator muscle group) 
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Muscle, groups . 
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Both muscle sliogs / I 
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Fig. 2 

Mechanical principles applied to specific fracture, — that is, the analogous situation as 
applied to the anatomy of the hip. In D the pelvic tilt lias been omitted to .sliow tlie 
mechanical principle more clearly. 
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Fig. 3 


P‘'|f>c‘plGs of circular-friction rotation applied to the treatment of inter- 
I te 1C, pertrochanteric, and subtrochanteric fractures in abduction traction. 


t e balloon. If tfaction is applied equally to the adductors and ab- 
ductors with the leg in adduction, the parallel force molds the fracture 

into a coxa valga iiosition, while the traction restores the length of the 
limb (Fig. 2C). 

In abduction traction the pelvis does not remain a fixed point, but 
tilts upnard because the limbs of the patient tend to parallelism. There- 
oie, in many intertrochanteric fractures parallel ligament and muscle 
pull is obtained in abduction, so that good reduction may result. The 
authois have observed, however, that the pehds does not alwar's tilt in 
piopoition to the abduction of the thigh, so that abduction with parallel 
ligament and muscle pull is not fully attained. 

Another disadvantageous force, in abduction traction, is that of 
circular-friction rotation. 

If an egg-shaped solid, cut obliquely in halves, is substituted for a 
balloon in the rectangular parallelogram, the pressure produced by the 
ands at points b and c is equal and at the same level, and there is no 
liction rotation (Fig. 3-4) ; however, if, in the lateral swing, the parallelo- 
giam is maintained, the pressure by the bands will be equal on both sidc.- 

of the solid, but at different levels "^(Fig. ZB), so that the circular friction 
force will move one half upward and the other half downward (Fig- 
n adduction traction in an intertrochanteric fracture, pressure at b anc c 
neutralizes friction rotation because the pressure occurs at equal Ie^e^ 
(Fig. 3D), and hence no displacement will occur. 
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Tlie method used in applying the principle of traction in adduction, instead 
of abduction. 


By substituting for the ovate solid the fractured trochanter in abduc- 
tion traction (Fig. SF”), coxa vara deformity will be produced by circular 
friction rotation. A parallelogram such as is shown in Figure SF can 
occur only when the pelvis does not tilt with abduction. Since this 
seldom occurs, coxa vara deformity is caused by laxity of the lateral liga- 
ments and muscles, and by circular-friction rotation (Fig. 3F). In 
other words, coxa vara deformity may be caused b}”- laxitj" of the lateral 
ligaments, by circular-friction rotation, or by both forces acting together. 
Therefore, to avoid failure in the extension of intertrochanteric fractures, 
the leg should never be abducted, but should be placed in adduction. 

Observations were made on eighty-five cases of intei’trochanteric, 
subtrochanteric, and pertrochanteric fractures. In seventy of these, 
traction in adduction was employed. In fifteen, equal weights were 
used, but the thigh was flexed and abducted. In none of the controls 
was the reduction as perfect nor the angle as ideal as by the newer method. 
In adduction the fractures healed consistently in coxa valga. 

On admission to the ward, patients with hip injuries are immedi- 
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Fig. 6-A Fig. 6-B 

Case 2. Patient, female, aged sixty-nine, slipped on icy pavement, fell on hip, and was placed in adduction traction three hours later 
Ms. (>-A: Shows c'oxa vara deformity. 

Fig. 0-B: After traction of tliirty-five pounds for four days, reduction in coxa valga of 170 degrees was obtained. 



558 


T. A. FOX AND G. L. APFELBACH 




THF JOURNAL OF 


bone 4ND joint 


iLBCFRl 


Fio. 7- A Fig 7-B 

9. Patient, female, ap;ecl seventy-five, slipped and fell on an icy sidew alk, and w as taken to the hospital within sin houi s. 

I'm 7- A; Intel ti ochantei 1 C fiactuie i\ith coNa vaia of 100 degiees 

1' in 7-11’ Fom days aftei tiaction in adduction of thiity-five pounds, theic was coxa valga of 140 deRiees 



Fig. 8-A Fig. 8-B 

Cii'^c 4. Piitient, female, aged fifty-eight, fell in kitchen, and was taken to the hospital four hours later. 

l'’ig. 8-A: Tntcrtiochanteric fracture with coxa vara of 90 degrees. 

h'ig. S-B: After one week in adduction traction, there was coxa valga of 130 degrees. 
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that attention became focused upon tibial torsion as a factor in recurrence 
of the deformity. The author was seeking the reason behind the recur- 
rence of the adduction deformity in. only one foot, although both feet had 
been thoroughly corrected and checked b 3 ’- roentgenograms. In a pre- 
vious paper * it was noted that adduction was the chief deformity recur- 
ring in those feet which relapse, and closer observation has now revealed 
that in over 90 per cent, of these cases tibial torsion was present in the leg 
which showed recurrence and absent in the other which had maintained 
its correction. 


ANATOMY 

Before the equinovarus deformity has been corrected it is often diffi- 
cult to determine whether internal rotation of the tibia is present, or if 
present, to what degree. However, after the equinovarus has been cor- 
rected and the child is walking, it is easj’’ to detect tibial torsion, since the 
child invariablj’- “toes in” on the affected side. A line dropped from the 
anterior superior spine of the ilium, bisecting the patella, will fall to the 
lateral border of the foot outside the little toe, instead of between the 
great and second toes as is normal. With the patella pointing straight 
forward, palpation of the malleoli at the ankle will show the external 
malleolus to be anterior to the medial malleolus instead of parallel to it 
as is normal. Thus, when the child is walking, the weight-bearing thrust 
falls obliquelj'’ across the long axis of the foot and drives the scaphoid 

around to the medial side of the 
head of the talus with re-creation 
of the adduction deformity of the 
forefoot. If this same vicious 
force is allowed to continue, 
varus of the heel and inversion of 
the foot will follow the adduction 
deformit}''. These undesirable 
sequelae to correction of club- 
foot can be obviated if a rotation 
osteotomj'^ of the tibia is done 
when tibial torsion is present. 

INDICATION FOR CORRECTION 

One hesitates to draw a 
hard and fast limit to the degree 
of deformit}^ which requires at- 
tention, since correction means 
an open operation on a young 
child. The author feels, how- 
ever, that no tibial torsion o 
degrees or more should be disre 
garded, and in this series a 



Pig. 2-A 

Case 1. Severe bilateral congenital equi- 
novarus in a patient, three years of age, who 
had had no previous treatment. 
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jiaticnts operated on liad a deformity of 20 degrees or more. There is an 
advantage in derotating the tibia as soon as tlie foot is corrected, because 
the child is already accustomed to the plaster casts. Occasional^ a trial 
in weight-bearing may become nece.ssary to convince the parents that the 
deformity will most surely recur. In this series those children ivith tibial 
torsion who wei’o allowed to walk before this was corrected j-elapsed into 
adduction within from five to twelve months. 

OPERATIONS 

Some authors advocate the application of long leg casts with the 
knees held at right angles while correcting the equinovarus, adding an 
external twist to the long axis of the lower leg in an attempt to correct the 
internal tibial torsion, but any force aimed at correcting tibial torsion by 
this method is lost in the knee joint, and instead of correcting the de- 
formity may produce an undesired laxity in the structures within and 
around the knee joint. There are described in the literature at least 
three operations for derotating the tibia, and a short resume of each will 
indicate the author’s preference for one type. 

A. Transverse Osteotomy 

This is the simplest and probably the oldest operation for this type of 
deformity. A transverse cut through the tibia is made about one inch 



Fig. 2-B Fig. 2-C 


Fig. 2-B : Case 1. One year later, the feet have been corrected b}' the conserva- 
tive multiple-cast method. Patellae are marked to show the inward torsion m 
the long axis of the left tibia. 

Fig. 2-C : Case 1. Three months later than Fig. 2-B, following controlled rota- 
tion osteotomy of the left tibia. Note proper alignment between knee and foot. 
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below the proximal epiphyseal plate, and the distal fragment is rotated 
externally on the proximal fragment. This operation is unsatisfactory 
principall}^ for three reasons : 

1. Some of the correction takes place in the knee joint since the 
upper fragment also rotates externally. 

2. Fixation depends upon the plaster cast. 

3. Angulation may take place at the level of the osteotomy. (Three 
cases of genu valgum have been seen following transverse osteotomy for 
tibial torsion.) 

B. Longitudinal Osteotomy 

This is an operation described by Haas, wherein multiple longitudinal 
incisions are made in the upper end of the tibia parallel to its long axis 
and separated from each other by narrow strips of cortex. This operation 
is an improvement over the transverse osteotomj’^ because angulation at 
the operative site is prevented, but loss of correction can still take place in 
the knee joint and fixation depends upon the external plaster cast. 

C. Controlled Rotation Osteotomy 

This is an operation devised by O’Donoghue and is preferred by this 
author because it is technically foolproof. The plan of operation is a Z 
osteotomy in a circular tube of bone, with removal of a strip of cortex to 
allow rotation. A longitudinal saw cut is made through the anterior 
cortex of the upper one third of the tibia, about two inches in length and 
parallel to the crest. The two horizontal cuts (the arms of the Z) are 

next made, one at each end of the longi- 
tudinal cut. The distal horizontal cut 
is made in the same direction as that of 
the desired correction, that is, outward 
or to the lateral border of the tibia; the 
proximal cross cut is exactl}'^ opposite oi 
towards the medial border of the tibia. 
The linear section of the posterior cortex 
is completed by driving an osteotome 
through the long longitudinal saw cut. 
The tibia has then been divided into two 
long opposed fragments still hinged to 
gether on the posterior surface by a sma 
portion of the posterior cortex, 
longitudinal strip of cortex is removed by 
making a second longitudinal cut para 
lei to the first, the width of the strip 
being predetermined by the amount o 
rotation desired. With the edges of the 
longitudinal cut placed in approxima 
tion, one can determine hov 
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Case 2. Bilateral congenital equi- 
novarus corrected by the conserva- 
tive multiple cast method. Note the 
marked internal torsion of the left 
tibia with malalignment of the 
foot and knee. 
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correct ion has been obtained, and more can be secured if necessar 3 ^ 
Finall.v the edges of the longitudinal cut are held in approximation by 
sutures jilaced through opposing drill holes at each end of the longitudinal 
cut. This operation has the following advantages over the other types of 
osteotom.v: 

1. The amount of rotation desired is gained in the tibia and nothing 
is lost in the knee joint. 

2. The fragments are fixed internally, reducing to a minimum the 
chances for postoperative distortion. 

3. The cast serves onl.y to protect the leg, and is not utilized to ob- 
tain or maintain correction. 

4. There is a large surface for callus which affords quick healing. 
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The illustrations used in this article are photographs of two tj'^pical 
cases chosen from among the sixty-two which constitute the basis for this 
report. 


SUMMARY 

1 . Internal tibial torsion accompanies club-foot in a fair percentage 
of cases (17 per cent, in this series). 

2. It is a major factor in recurrence of the club-foot deformity. 

3. Tibial torsion of 15 degrees or more should be treated surgically 
after the equino varus deformity has been corrected. 
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EXAMINATION OF THE SHOULDER 
FOR CALCIUM DEPOSITS 


Technique of Fluoroscopy and Spot- Film Roentgenography 

BY BOARDMAN M. BOSWORTH, A.B., M.A. (OXON.), M.D., P.A.C.S., 

NEW YORK, N. Y. 

Not infrequently calcium deposits in the region of the shoulder joint 
are discoYcred accidentall.y in roentgenograms of the chest or upper ex- 
tremit3L Usuallj^ the patient is unaware of the presence of the calcium; 
the ph5"sician regards it as merel3'- an incidental finding of no clinical sig- 
nificance, and nothing further is done about it. Latel3q however, more in- 
terest has been shown in these deposits, and their importance as a potential 
source of pain and disabilit3^ is now generall3’- recognized 

Although various roentgenographic techniques in the examination 
of the shoulder for calcium deposits have been recommended ®, no one 
has stressed the importance of fluoroscop3’’ as a preliminar3'’ procedure for 
the detection of calcium, or advocated the combination of spot-film 
roentgenograph3" with fluoroscop3’- as the best means of recording the pre- 
cise location of such deposits. Elsewhere - are presented the results of a 
three-3’’ear surve3'’ of over 6000 supposedl3'- normal individuals whose 
shoulders were fluoroscoped for calcium deposits, most of them several 
times, at intervals of a 3’'ear or less. 

In a stud3’- of this nature, fluoroscop3'’ was found to be preferable to 
roentgen ograph3’’ alone for several reasons. Deposits ma3’’ be overlooked 
in a roentgenogram when the3'’ are superimposed upon the head of the 
humerus or the overl3dng acromion (Figs. 1-A, 1-B, 1-C, 1-D, 1-E, 4-A, 
4-B, and 4-C). The densit3’' of the shadow cast b3^ deposits on the roent- 
genogram varies greatl3L The calcium is usuall3f spread out in a thin 
layer vLich casts little shadow unless it is so placed between tube and 
film that the roentgen ra3^s have to traverse the length or breadth rather 
than the thickness of the deposit (Figs. 4-A, 4-B, and 4-C). If examina- 
tion is restricted to roentgenograph3q man3'’ roentgenograms should be 
taken of each shoulder in different planes and with var3dng degrees of 
humeral rotation. Even then calcium collections, which would be seen on 
fluoroscop3q ma3^ be missed entirel3L The expense of such an examina- 
tion and its inherent element of error are self-evident. 

Fluoroscop3’', properl3^ performed, makes visible ver3’- nearb" the full 
extent of the shoulder-joint cap.sule within the space of a few moments. 
It is effective, speed3’-, and relativeh’’ inexpensive. It is as useful in in- 
specting the shoulder as it is in the examination of the gastro-intestinal 
tract. Due to its simplicit3^ of application and low cost, it furnishes an 
ideal means not onb'- for detecting the presence and position of calcium 
deposits, but for following their course from month to month or 3’ear to 
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Fig. 1-A 


Pig. 1-B 



Case 1. C. H., aged thilty-t^^o, female, 
clerk. Multiple calcium deposits were detectea 
by fluoroscopy and photographed 03 " spot- 

tec^uuque^_ Right shoulder, external rotation 
Only one small deposit may be seen in 

supiaspinatus. , „ tIip 

Fig. 1-B: Right shoulder, mid-rotation 1 
deposit .seen in Fig. 1-A is now Jj*dden y 
humeial head and another small depos t, 
infraspinatus, comes into view. 

Fig 1-C: Left shoulder, e.xteinal rotatiom 

A small deposit is visible in the supi ^enosit 
and there is the suggestion of another d p 
superimposed on the head of ^be home ■ 

Fig. 1-D: Left shoulder, mid-iotatiom 
supraspinatus deposit has ggtion of 

and an infiaspinatus deposit, around 

which is seen in Fig. 1-C, has now c 

Lett .hould„, inte™l 
Neither of the deposits shown in 1 1^. 

1-D is longer visible, but an unsuspected little deposit in the teres m 
brought into view. 
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Pig. 3-A Fig. 3-B 

Case 3. J. B., aged fifty-one, male, clerk. By spot-film roentgenography cal- 
cium deposits may be photographed in the same i-elative position after the lapse of 
months or years, as shown in these roentgenograms. 

Fig. 3-A: Right shoulder. A large calcium deposit which has diffused into the 
subacromial bursa. This is the "fluffy” t 3 ''pe of deposit which is most apt to be 
absorbed. 

Fig. 3-B: Right shoulder. Two months later, the deposit is nearly gone. 




Fig 3-C Fig. 3-D 

Fig. 3-G: Left shoulder. A laige calcium deposit still within the substance of 
the tendinous short-rotator cuff. The deposit is dense and sharply outlined. 

Pig. 3-D: Left shoulder. Tiro years later, the deposit is shown m the same 
degree of rotation. It has increased in size and in density. 

3 ’^ear. In this waj'' anj^ increase or decrease in size maj'^ easity be checked 
and the effect of treatment observed (Figs. 2- A, 2-B, 2-C, 3-A, 3-B, 3- , 
and 3-D). Regardless of whether or not roentgenograms are ta mn, 
fluoroscopj'- should never be omitted as an essential part of the examina- 
tion, and both shoulders should always be inspected, since neaily 50 pc 
cent, of those individuals with calcium in one shoulder will show it m e 
other shoulder as well -. No shoulder should ever be declared 
calcium on the basis of roentgenographic evidence alone; fluoroscop) is 
final arbiter (Figs. 4-A, 4-B, and 4-C). , . , . , j 

The fluoroscopic technique used in looking for calcium is ig 
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impoiiiint. Each shoiildci' in (his scries was examined fluoroscopically 
tliroughont its full range of motion, with the individual standing. The 
author believes the erect position is an advantage, as thereby gravitj^ 
acting through the weight of the arm, tends to widen the joint space, and 
to prevent superimposition of the acromion on the soft tissues which are 
being insiiccted. Standing, also, is the most comfortable examining posi- 
tion for the jiatient with a painful deposit, as it helps to avoid pinching 
the deposit between the head of the humerus and the acromion. 

Various degrees of arm rotation produce characteristic roentgeno- 
graphic jirofiles which maj' easily be recognized (Figs. 1 -A, 1 -B, 1 -C, 1 -D, 
and 1 -E). The outstanding anatomical features which serve to differ- 
entiate and identify them ma3'^ be summarized as follows: 

1 . External Rotation (Figs. 1 -A and 1 -C) 

a. The upper outer border of the humeral head has a definite pro- 
truding angle formed b.v the greater tuberosit3L 

h. A notch or sulcus above the greater tuberosit3'- represents the site 
of the supraspinatus insertion. 

c. The lesser tuberosit3'- stands out in profile, parallel to and medial 
to the greater tuberosit3L 

d. The bicipital sulcus is well marked as a vertical groove between 
the tuberosities. 

e. The medial surface of the head is a smooth hemisphere formed 
b3’' the articular surface, with an indentation below it at the junction of the 
articular surface with the humeral shaft. 

/. The greater tubei’osit3’’ often has a C3'^stic appearance, a circular 
area of decreased densit3^ about the size of a twent3’’-five-cent piece, 
which represents the epiph3"seal outline. This has been seen in adults as 
well as adolescents. 

2 . Mid-Rotation (Figs. 1 -B and 1 -D) 

a. The upper outer border of the humeral head is now a rather flat 
or slightl3r rounded oblique plane. 

h. The tuberosities and bicipital sulcus are no longer clearl3r out- 
lined. 

c. The hemispherical articular surface remains, but its axis is tilted 
further upward and the indentation below it is less marked. 

d. The C3"stlike appearance of the greater tuberosit3" (Figs. 5 -A and 
5 -B), if present, becomes more distinct, due to removal of the previous^ 
interposed lesser tuberosit3L The size and shape of the “c3^st” remain 
essentially unchanged. Such “c3’-sts” must not be confused with bone 
C3’'sts, giant-cell tumors, fractures, or other pathological conditions of the 
proximal end of the humerus. A lack of appreciation of their true nature 
has been responsible for more than one needless operation “• 

3 . Internal Rotation (Fig. 1 -E) 

a. The rounded curve of the articular surface now occupies the outer 
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Fig. 5 A Fig. 5-B 

Case 5. D. G., aged eighteen, female, clerk. Cystic appearance of the 
greater tubei osity of both shoulders, found upon routine fluoroscopic examina- 
tion. There were no symptoms. Physical examination was negative. Noth- 
ing was found to suggest a pathological piocess. Appaiently normal shoulders 
frequently present this cystic appeal ance upon fluoioscopy. 

Fig. 5-A: Right slioulder, mid-rotation. 

Fig. o-B; Left shoulder, mid-iotation. 

portion of the head, with its axis pointing up and out. The indentation 
beneath it appears on the outer border of the shaft. 

b. The tuberosities and the bicipital groove reappear on the medial 
portion of the head, but the}'’ arc less distinct than they were on external 
rotation. 

c. The cj'stlike appearance of the greater tuberosity, if previously 



Fig. 6-A Fig. 6-B 

Case 6. G. R., aged forty-nine, male, clerk. This case illustrates the special 
fluoroscopic technique used to bring a subscapularis deposit into profile (See text). 

Fig. 6-A: Right shoulder. External rotation fails to show clearly a large cal- 
cium deposit in the subscapularis portion of the short-rotator euff. 

Fig. 6-B : Right shoulder. External rotation plus body rotation throws the 
deposit clearly into profile. 
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scon, has disappeared, owing to superimposition of the lesser tuberosity 
on the greater, and of the glenoid fossa of the scapula on both. 

The anatomical basis for these roentgenographic features will be ap- 
preciated upon an inspection of the disarticulated skeleton. Naturall}" 
intermediate degrees of rotation produce roentgenographic landmarks to 
some extent at variance with the above descriptions, but the}'’ will show 
a preponderance of the basic characteristics of one of these three positions. 

A knowledge of how these positions may be obtained is essential for 
any one who desires to secure exactly comparable views at successive 
examinations. Full external rotation (Figs. 1-A and 1-C) is secured vith 
the arm at the side, the elbow close to the body, and the forearm, flexed 
to a 90-degree angle, pointed as far laterall}’’ as possible. In mid-rotation 
(Figs. 1-B and 1-D), the arm occupies a similar position alongside the 
bod}", but the flexed forearm is pointed straight forward in the sagittal 
plane. For extreme internal rotation (Fig. 1-E), the flexed forearm is 
placed behind the back or, if this is impossible, on the chest. To view 
the lesser tuberosit}’- with the subscapularis insertion in profile, the arm is 
placed in full external rotation and then the body is turned a few degrees 
in the same direction; if the body is not turned as well, the region of the 
lesser tuberosity will not be seen in profile and deposits in the subscapularis 
portion of the cuff may escape notice (Figs. 6-A and 6-B). 

In the early da}"s of this investigation an attempt was made to in- 
struct the individual, during fluoroscopy, in what position the arm should 
be held, so as to bring the deposit into profile for subsequent roentgen- 
ograph}". This procedure soon had to be abandoned, however, because 
of the frequenc}" with which a degree or two of rotation one way or the 
other from the correct position obscured the deposit. Time after time a 
deposit clearl}" seen by fluoroscope failed to appear on films taken later, 
simply through failure to have the arm in exactly the right position during 
roentgenograph}". This led to the development and adoption of the 
spot-film technique to be described. 

With the deposit shown in profile by fluoroscope, a roentgenogram 
is taken, using a cassette holder (Figs. 7-A and 7-B), especially devised for 
that purpose, Avhich is hung on the screen before fluoroscopy. The holder 
is a .simple affair of channel bra.ss, cut, bent, and brazed, according to a 
homemade pasteboard pattern, to fit a chosen cassette. It is readily 
fashioned by one mechanically inclined. Proper exposure can quickly 
be determined by trial and error; a short tap of the foot-switch (or a 
quarter of a second on the timer) sufficed in the author’s experience. 

In addition, the cassette holder has a small knob brazed to its under 
surface. By this means the holder may be supported by a jointed bracket, 
independent of the fluoroscopic screen. One end of the bracket is clamped 
to a chair, table, or stand, and the other end to the knob mentioned above 
(Fig. 7-C). This makes it pos.sible for the owner of a small portable 
fluoroscope to emplo}" the spot-film roentgenographic technique in the 
home as well as in the office. 
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Fig. 8-A Fig 8-B 

Case 7. A K , aged thirty-seven, female, cleik. Three views of the same de- 
posit , only one (Fig 8-A) shows the deposit in profile, thereby accurately localizing 
it, befoi e operation, in the supraspinatus portion of the shoi t-rotator cuff. 

Fig 8-A External rotation Fig 8-B. Mid-rotation 


It should be emphasized in this 
connection, however, that both fluor- 
oscopy and roentgenograph}'’ are in- 
herenth’’ dangerous procedures, the 
indiscriminate use of which cannot be 
too strongly condemned. They should 
be undertaken only by those thor- 
oughly aware of the possibility of burn 
to the operator, to the patient, or to 
both, either through overexposure or 
through the cumulative effect of le 
peated exposures. Fluoroscopic ex- 
amination is particularly dangeious. 
Due to natural interest in, and con 
centration upon, the examination i - 
self, one is apt to overlook the factor 
of exposure. The very simplicity and 
effectiveness of the procedure tend to make even an experienced 
careless in the course of time, and he must constantly check himse 
the protective measures he observes, and the amount of exposure to n 
he subjects himself. It is not enough to rely upon leaded gloves an 
and the use of a hand timer instead of a foot switch. They are 
stitute for a careful training in roentgenographic technique, " 

be obtained before undertaking the procedures advocated in t is pa ^ 
Precise localization of the deposit by a technique sue as 
scribed is most important when operative remox'^al of the ca ^ 

templated. Figures 8-A, 8-B. and 8-C show three roentgenogr ^ 
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shoiildof, all lakpii at the same examination. It is evident that only one 
of the three (Fig. S-A) was of value, from a surgical standpoint, in exactty 
locating the calcium deposit in the supraspinatus portion of the short- 
rotator cuff. Any one who has operated to remove these deposits will 
appreciate the extra advantage of thus knowing beforehand exactlj'’ where 
to look for the deposit. 

In the event of multiple deposits in the same shoulder, a fairlj'- com- 
mon occurrence -, as man^y as three or four roentgenograms are taken at 
one examination, rotating the arm under fluoroscopic control between ex- 
posures, to show each deposit in profile (Figs. 1-A, 1-B, 1-C, 1-D, and 1-E). 

Roentgenography according to the above procedure necessarily suffers 
a slight distortion, mostly an enlargement of the roentgenographic shadow, 
due to proximity of the object to the tube; yet this magnification often 
proves to be an advantage, as it makes small deposits more visible. The 
spot-film method also involves the loss of a very small amount of photo- 
graphic definition, but when fine bone detail is desired, further roent- 
genograms may bo taken according to standard techniques *. Incident- 
ally, the small size of film (five by seven inches or less) required by this 
method represents a material saving. 

In conclusion, it is well to repeat that roentgenograms taken without 
fluoroscopic inspection and control frequentlj'- fail to show calcium deposits 
in the shoulder, the presence of additional deposits, or the precise location 
of the calcium within the tendinous capsule of the joint. 
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THE TREATMENT OF BENNETT’S FRACTURE-DISLOCA- 
TION OF THE FIRST METACARPAL BONE 


BY LESTER BLUM, M.B., NEW YORK, N. Y. 

From the Surgical Service of the Beekman Hospital, New York 

The stave or boxer’s or Bennett’s fracture is an injuiy owing its 
origin to the disparitj'^ between an individual’s pugnacity and his pugilistic 
techniqueh It occurs typically when the full force of a blow impinges on 
the flexed thumb, instead of on the fist, with direct transmission along the 
first metacarpal shaft. The resultant fracture consists of an oblique 
break through the base with lateral luxation at the metacarpocarpal joint, 
and the proximal fragment, or medial angle of the base, remaining in its 
anatomical position. This is the characteristic pattern, though various 
degrees of comminution may occur. It is this resemblance on the roent- 
genogram to the forked staff of the medieval monk which accounts for 

the descriptive term “stave” (Fig. 2 ). 

It is customarj’- to treat this injury 
in one of two wa3^s. The more common 
method involves the ‘application of a 
jjlaster encasement, after reduction with 
the thumb in full abduction and pressure 
over the basal portion of the bone in an 
attempt to reduce the luxation. The 
other method consists of traction in ad- 
duction bj’^ moleskin, or a wire through 
the shaft, with the apparatus mounted in 
plaster on the wrist and forearm. At 
the Beekman Hospital the former method 
has been emplojmd almost exclusively. 

About half of the ninety-six frac- 
tures of the first metacarpal bone treate 
during the last ten jmars were Bennett 
fractures. Of these, fourteen case rec- 
ords were sufficiently complete to men 
detailed studjn The clinical courses an 
end results of these cases are so uni 
form that the3’’ can be accurateU’^ summarized in one generic case histoi 3 • 
The patient, invariably a husk3'' male, strolls into the clinic comp am 
ing of a swollen tender thumb following a fight or dimb'' remem eiec^ 
melee. Roentgenograms confirm the clinical diagnosis. Undei loca o 
even general anaesthesia, the thumb is manipulated, and the fiagm 
restored to the anatomical position with fluoroscopic check-up. A P 
encasement is applied with the thumb in full abduction. Check-up io <2 
genograms, taken the next da3q show a recurrence of the displaceme 
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Normal fiist metacarpal bone 
and joint. 



BENNETT S FRACTURE-DISLOCATION 


579 



VOL XXIII. XO 3. JULY 1041 




580 


I.. BLTTM 


with most of the abduction evident in the metacarpophalangeal joint. If 
the patient continues to attend the clinic, and refrains from removing the 
plaster himself, the encasement is discarded in from three to five weeks, at 
which time the movement of the thumb is fairly good and not particularly 
painful. A few physiotherapj’’ treatments are administered and the 
patient is discharged with an excellent functional result. However, 
roentgenograms show a structural change which is constant and, in the 
author’s opinion, of significance in regard to the treatment of this injury. 
The interspace between the small medial proximal fragment and the dis- 
tal displaced fragment, which consists of the rest of the metacarpal bone, 
is tilled in with callus (See Figures 3-A and 3-B). By the end of the sec- 
ond month, a new joint mortise is formed, consisting of the broadened 
semicircular base of the healed metacarpal bone. This results in the con- 
struction of an enarthrodial (or ball-and-socket t.ype) in place of the 
original diarthrodial joint (See Figure 1). 

In view of the nature of the functional stress at this site, and the like- 
lihood of recurrent trauma of the same kind as that which caused the 
original injury, the question arises as to whether the anatomical change 
which occurs, despite the best efforts to maintain the reduction, does not 
represent a more desirable end result than perfect reposition of the frag- 
ments with the restoration of the original joint outline. 

With this viewpoint the next few cases were treated in the follovdng 
typical manner; A physiotherapA’- treatment (radiant heat) was adminis- 
tered each day for the first two weeks. A narrow ace bandage was ap- 
plied between treatments to the wrist and base of the thumb. The pa- 
tient was allowed to use the thumb to the limits of pain. During the 
third week the patient was allowed to return to his occupation, unless it 
was exceedingh' heavy work, and no further treatments were administered 
unless the SAvelling persisted. Full motion of the thumb was usually 
present. Bj'^ the fourth week all crepitus and evident false-point motion 
on direct pressure over the site of injury had disappeared. At the end of 
the seA^enth Aveek the roentgenograms shoAA^ed the defect betAA'een the 
fragments to be filled in AA’ith a typical stave deformit}" of the base, of the 
t 3 ’pe shoAA-n in Figures 3-A and 3-B. There Avas a characteristically com- 
plete range of motion of the thumb and a good grip. 

If the malposition of the fragments in a Bennett’s fracture is alloAA'e 
to heal AA'ithout reduction, a iicaa' joint mortise is formed. Thus the noi 
mal diarthrosis becomes an enarthrosis, or ball-and-socket tj'pe of joint. 

In A’ieAA' of the difficult}’' of maintaining a successful reduction in this 
fracture-dislocation, and because of the real possibility that the join 
changes mentioned above may represent a structural improvement oaci 
the normal, it is suggested that simple physiotherapy and bandaging o 
relicAm the soft-tissue swelling constitute a shorter, simpler, and pei lajis 
better method of treatment than that noAV in use. 

1. Bexkett, E. H.: Fractures of the Metacarpal Bones. Dublin J. Med. Se'e 
LXXIII, 72 , 1SS2. 
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THE “PELVIC SUPPORT” OSTEOTOMY* 

BY HENRY MILCH, M.D., NEW YORK, N. Y. 

From the Hospital for Joint Diseases, New York 

Ostcotomj'^ of the upper end of the femur appears to have been per- 
formed for the first time bj"- the American surgeon, John Barton. Since 
that time many tj^pes of upper femoral osteotomj" ha^'^e been devised 
and performed for special indications. In principle, these are linear or 
wedge osteotomies, performed at various levels and at assorted angles. 
Though each \'aries somewhat from the others, the difference between 
them is frequentlj’’ more apparent than real. Functional! j'', these differ- 
ent procedures are essentiall.y identical, in that they effect a medial shifting 
of the anatomical axis in relation to the mechanical axis of the femur. 
The resulting increased stability is characteristic of the group, and jus- 
tifies the generic designation of “directional” osteotomy. 

Thej" have been presumed to differ radicall.y from several other forms 
of osteotomy which the French^ have called the “pelvic support” oste- 
otomies. The two chief instances of this type are the “bifurcation” 
devised bj’' Lorenz in 1917, and the operation suggested bj’’ Schanz in 
1922. Though some authors have insisted that in these, as in the direc- 
tional osteotomies, the beneficent effect is to be attributed to alteration 
in the relationship of the femoral axes, others have maintained that the 
resulting increased stability is due to actual support of the pelvis on the 
upper end of the osteotomized femur. Consequent^, in order to insure 
the optimum support, considerable attention has been directed to a dis- 
cussion of the exact site of pelvic abutment, or of the angle at which 
the femoral shaft is to be osteotomized. A still more livelj’' controversj'^ 
has developed concerning the respective merits of the high, versus the 
low osteotomjL 

Some surgeons prefer the Lorenz bifurcation, or the Hass modifica- 
tion of this operation. For others, the Schanz osteotomj^ is the procedure 
of choice, because there appears to be less postoperative disability follow- 
ing this operatictfi than after either of the other two. Although each of 
these operations can restore stability to the unstable hip, each ma}'^ also 
result unfavorablj^, largely because of undue interference with hip motion. 
Study of a large series of these cases led to the conclusion that, in each 
of these operations, the important factor responsible for the limitation of 
hip motion was the excessive angle (postosteotomj' angle) formed by the 
femoral shaft with a line drawn from the femoral head to the upper end 
of the osteotomized shaft of the femui-. 

Attention was first called to the problem during the course of a 
check-up on the results of cases in which the bifurcation operation of 
* Received for publication on December 26, 1940. 
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Lorenz or Hass had been performed bilateralljL Paradoxical^, it was 
found that the roentgenographicall3’- “satisfactor3'^” bifurcations almost 
invariabl3’^ resulted in marked disabilit3'' of a definite t3’-pe. 

Pain was present in vaiying degree. In some, the pain was so mild 
that it was overlooked in the satisfaction at the restoration of stabilit3L 
In others, it was so severe that the patients insisted on relief. There 
was alwa 3 ’S an anno 3 dng increase in the intercrural distance, with an 
inability" to bring the legs into parallelism. The patients could not com- 
pletel3' flex or adduct the thighs. In the seated position the3" could not 
cross their legs, tailor-fashion. The3' could not assume the squatting 
position, and had difRcult3" in putting on their shoes and stockings. In 
the erect position, the3’^ stood with the legs abducted and the feet everted. 
Forward progress was possible onl3’- with a peculiar twisting and waddling 
gait, despite the fact that the Trendelenburg sign was usuall3" negative. 

On the other hand, and notabl3'’ in children, it was observed that as 
the prong of the shaft fragment disappeared on the roentgenograms, the 
pain and disabilit3^ vanished, usuall3’’ without loss of the stabilit3L This 
is t3'picall3" illustrated in the follomng case. 

S. 0,, a male, was first treated in 1923. When six weeks of age, a diagnosis of con- 
genital dislocation of the left femur and congenital club-foot was made. When he began 
to walk he limped. The left hip was reduced b 3 ’’ closed manipulation, but the child con- 
tinued to limp. In 1932, an examination disclosed limitation of abduction and internal 
rotation, telescoping, and a shortening of the left, lower extremity. The roentgenogram 
(Fig. 1-A) revealed a marked deformity of the subluxated femoral head (traumatic epi- 
phj'sitis). The acetabulum was fairly well developed. 

On April 19, 1934, a typical bifurcation operation was performed, and a plaster-of- 
Paris spica was applied. Roentgenographically, it was believed that an excellent result 
had been obtained (Fig. 1-B'. The- well-formed prong of the lower fragment abutted 
against the anterolateral ischial wall, at about the level of the lower rim of the acetabu- 
lum. But the leg was held in wide abduction, and though its significance was not 
appreciated, a line drawn from the femoral head to the upper end of the osteotomized 
femur made, with the shaft, a postosteotomy angle of more than 250 degrees. In July 
1934 the plaster was removed, and the patient was sent to a convalescent home. Upon 
his return, the mother noted that the child still walked with a limp, and experienced 
difficulty in putting on his shoes. 

However, these disabilities tended to disappear with the lapse of time. In 1936, 
flexion at the hip was limited to 95 degrees and internal rotation was possible to only 
10 degrees beyond the neutral position. In 1939 flexion had increased to 80 degrees 
and adduction was possible to 30 degrees beyond the neutral position. In 1940 adduction 
had still further increased to 45 degrees. The mother noted that the patient had mark- 
edlj’^ improved. The limp was only slight, there was no pain or discomfort, and the 
patient could cross his legs or put on his shoes without difficulty. The roentgenogram 
(Fig. 1-C) disclosed the explanation, — the bifurcation spike had almost complete^' dis- 
appeared, and the upper end of the femur presented somewhat the appearance seen after 
a high Schanz osteotom 3 ^ With the pelvis level, the femur was almost parallel to the 
sagittal plane of the bodj\ The line joining the femoral head to the upper end of the 
femoral shaft formed, with the axis of the femur, an angle which had been reduced to 
less than 210 degrees. 

Such marked improvement, invariabl3' observed in children following 
absorption of the boity prong, suggested that in adults, in whom disabilit3' 
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persisted, similar relief might be obtained surgical amputation of the 
offending spike of bone. Before this was undertaken, the action of the 
spike was studied directly on the skeleton. With the femoral head in the 
acetabulum, the shaft of the femur was cut in the plane of the Lorenz 
osteotomy and its upper end was displaced medial^, without abduction, 
until it made contact with the pelvis, along the external border of the 
ischium. It was found that rotation was onlj^ slightty limited, but that 
flexion and adduction were moderately limited (Fig. 2). This was obvi- 
ously caused by the impingement of the femoral shaft against the side of 
the pelvis. In effect, the intertuberosit}’- distance, between the ischium 
and the lesser femoral trochanter, had been obliterated with resulting 
limitation of motion. 

When the distal fragment was abducted and directed forward against 
the anterolateral wall of the ischium, so as to simulate the Hass modi- 
fication of the Lorenz osteotomy (Fig. 3), it was noted that, with increas- 
ing abduction of the distal fragment, rotation, especially internal rotation, 
was proportionately diminished. When the upper end of the osteoto- 
mized fragment was directed backward against the posterolateral sur- 
face of the ischium, limitation of flexion, adduction, and especiallj'^ exter- 
nal rotation, resulted. Ini’^ariabl}'' it was observed that the interference 
with motion was due to the impingement of the spike against the lateral 
projection of the ischial tuberosity. 

The reason for this becomes clear when the pelvic girdle is examined. 
Due to the posterior interposition of the sacrum, the os innominatum is 
set obliquelj'' into the pelvic ring. In consequence of its forward and 
inward direction, the bod}'’ of the ischium presents an external border, 
which separates its anterolateral surface from its posterolateral surface, 
including the tuberosit}'. The external ischial border, together with the 
posterior rim of the acetabulum, forms a ridge, which, except for the flare 
of the" ilium, presents the most lateral projection of the pelvis. The ridge 
is always visible on the roentgenogram, and, with the sagittal plane of the 
pelvis, affords a measure of the angle of inclination of the outer pelvic 
wall (Fig. 4). It is apparent, thei’efoi’e, that ndien the osteotomized 
shaft makes contact with the pelvis, at any point other than along this 
ridge, the point of contact must lie medial to the ridge, and must lead to 
interference with rotation Avhen the femoral head is fixed. 

The head of the femur was then dislocated posteriorly onto the ilium, 
and the same experiments were repeated. Essentially, the same results, 
with one exception, were obtained. When the osteotomized shaft was 
displaced into the acetabulum according to the described technique of 
the operations, the most marked limitation in all arcs of motion was 
obtained. This was immediately recognized as being caused by the 
steeply sloping walls of the acetabular cavity, which, like the ridge, acted 
to obstruct the motion of the spike (Fig. 5). This observation is of 
especial significance, because of the expressed opinion that “the osteotomy 
is merely the preparatory step in the [bifurcation] operation. The 
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Fig. 4 

On the loentgenogram, the outeimost contour of the 
pelvis IS detei mined by the external ridge of the ischium 
and the posterior rim of the acetabulum. With the 
sagittal plane of the body, this line makes an angle of 
about 210 degiees, which will be called the angle of incli- 
nation of the outer pelvic wall. 


essential act is the 
reposition of the distal 
fragment into the ace- 
tabulum”^. Quite the 
contrary, it was found 
that, in the presence 
of a femoral head and 
neck, the acetabular 
position of the distal 
fragment was the 
worst of all the sites 
of pelvic abutment, 
and that the conse- 
quent limitation of 
motion could only be 
overcome by resection 
of the spike (Fig. 6). 
However, when the 
femoral head and neck 
were amputated, the 
acetabular position of 
the fragment acted to 
restore good balance 
and stabilitj’’, vdthout 
limitation of motion. 
Though this outcome 
could have been pre- 
dicted from the piin- 


ciple that simultaneous, universal motion about each of two separate 
point fulcra is impossible in three-dimensional space, the studies demon- 
strated conclusively that the acetabular position of the bifurcation spike 
is to be avoided, except in those conditions in which the instabilit}'' results 


from a pathological loss of the head and. neck. 

<T'rom these experiments, it appeared reasonable to conclude that 
the spike itself was the cause of the disability which these patients pie 
sented, and with some slight misgivings, the first patient was re-opeiate 
upon for resection of the projecting spike. The improvement was su ^ 
cientlj' encouraging to warrant other such attempts. The results o i 
first of these efforts have been reported elsewhere Briefl}^ recapitulate , 
they indicated that stability could be preserved, despite removal o le 
spike. Pain^isappeared immediatelj'", and the range of hip motion vas 
usuallj^ increased in proportion to the degree in which the bon}" piojec 
was removed. But even complete amputation did not necessari }" 
in an invariably satisfactory outcome. In some cases, an almost 
range of motion was obtained. In others, the pelvic tilt note m 
lateral cases, persisted. This seemed to be due to excessive a uc 
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of the distal fragment, and clearly indicated the necessit}'- for removal of 
the apex of the osseous angle projecting medially at the site of osteotomjx 
This was performed with satisfactory outcome in the following case: 


Frieda S., aged fifty-five, was first seen in the Out-Patient Department in January 
She had been in an automobile accident the previous summer, and walked with 
the aid of a cane, holding the knee, hip, and trunk flexed. The left thigh was e.xternally 
lotated. Extension at the hip was limited to 150 degrees, and flexion to 85 degrees. 
Roentgenograms taken at this time showed a traumatic dislocation of the femoral head 
with numerous free fragments of bone in the soft tissues about the hip from a com- 
minuted fracture of the margins of the acetabulum. Admission to the hospital for an 
operation to restore stability was advised. 

On January 30, 1936, a bifurcation osteotom 3 ^ in the sagittal plane was performed. 
The operation was carried out expeditiously, and the postoperative convalescence was 
uneventful. In September of 1936 the patient was able to stand without the aid of 
crutches. A mild degree of valgus of the knee was noted. In December 1936, the pa- 
tient walked about without the aid of crutches. The roentgenographic report in 1937 
stated, “excellent osteotomj’’, with the upper end of the distal fragment located at the 
lower quadrant of the acetabulum, in neutral position”. 

Re-examination in June, 1939, disclosed that the patient still walked with a slight 
limp and a waddle, but the Trendelenburg sign was negative. In the erect position the 
foot was held in the neutral position. Flexion was possible to a right angle, extension 
to 180 degrees, internal rotation to 15 degrees, external rotation to 60 degrees, abduction 
to 60 degrees. Despite this excellent arc of mobility in the erect position, the patient 
was unable to cross her legs, tailor-fashion, or, when seated, to put on her shoes without 
difficulty. 

The roentgenogram (Fig. 7-A) showed a marked anteversion of the femoral head 
with an osteotomy of the high Schanz type. Careful examination of the plate disclosed 
an overlap of the shadows cast by the osteotomy angle and the body of the ischium. 
The impression was obtained that the apex of the osteotomy angle impinged against 
the ischium, in front of the external ridge, and so tended to restrict internal rotation. 
This was, of course, due to the relative shortening of the femoral neck, caused by external 
rotation of the upper fragment. 


In effect, the intertuberosity distance had been reduced bj'’ a mecha- 
nism somewhat different from that seen in Figure 2. That this patient 
had a relativelj^ good range of motion in the erect position, with limitation 
in the seated position, suggested the explanation that in the standing 
position the excessive angulation could be easil}^ compensated for by 
tilting the pelvis, while in the seated position this became impossible, and 
a limitation of motion, not otherwise annojdng, was brought to light. 


The indication was obviously to re-osteotomize the femur, for the purpose of reducing 
the excessive abduction. The patient, however, refused to submit to anj^ operation t la^ 
would necessitate immobilization in plaster of Paris. To overcome this objection, i 
was decided to resect the apex of the bony angle. The patient was readmitted to c 
hospital and operated upon February 27, 1940. With the patient under anaesthesia, le 
range of motion was again tested. However, even then, with both legs held para > 
internal rotation was impossible beyond the neutral position. Through an an en 
approach, using the descending arm of the Smith-Petersen incision, the site of osteo om. 
was exposed. The upper end of the femur presented a peculiar spiral twist from e o > 
and medialb' to upward, outward, and backward. The upper fragment ° 
flexed, and, in addition, was excessively adducted, so that an angle, of \^an(l 

pointed fonvard and inward, was formed. MTien an effort was made to a c uc 
internallj' rotate the leg, it was clearly seen that the angle of the osteotomj a 
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against the pelvis and prevented rotation. The medially projecting portion of this 
angle was resected in the sagittal plane, and the wound was closed in the usual manner, 
without drainage and without plaster immobilization. Immediately after operation 
it was noted that internal rotation was possible to 25 degrees beyond the mid-line. 

Within a week of her operation the patient was permitted to bear weight. No loss 
of stability was apparent, and the patient observed that there M'as a marked improvement 
m the range of motion. She was able to bend down to put on her shoes, and was able to 
cross her legs in the seated position. The roentgenogram (Fig. 7-B) showed that the 
angle of the osteotomized femur had been reduced, so that it was about equivalent to the 
angle of inclination of the outer pelvic wall. 


This case proved of especial interest, because it demonstrated the 
essential identitj’- of the effects produced bj'’ the bon}'' spike of the Lorenz 
operation and the projecting bony angle typical of excessive abduction 
or flexion in the Schanz operation. It established the fact that the block 
which these bony prominences caused was due to excessive abduction 
of the distal fragment, and could be readily eliminated. The only ques- 
tion which remained was the determination of the amount of bone which 
had to be removed in order to insure restoration of motion. 

When stated in this form, the question appeared to be one which 
could be answered only by the slow accumulation of individual experi- 
ences. However, if the question were the determination of the degree to 
which the distal femoral fragment can be abducted without limitation of 
motion at the hip, the problem seemed much simpler of solution. In his 
original contribution, Schanz pointed out that hip stabilization resulted 
from the application of the pelvis against the femoral shaft. Consequent- 
ly, for practical purposes, the angle of abduction of the distal fragment in re- 
lation to the proximal fragment has been taken to be about equal to the 
degree to which the affected limb can be adducted when the pelvis is 
level. But at best this is only a rough approximation to the desired 
optimal angulation. From what has gone before, it is clear that, to a 
large extent, the re^ilt obtained will depend upon the exact point at which 
the femur makes contact with the pelvis. Even presuming that this site 
could be predetermined with any assurance, it can be readily shown that 
at any given point, the angle of abduction -will vary considerably witi 
the level at which the osteotomy is performed. It is in all probability t le 
uncertainty introduced by these variable factors which accounts for 
len’s observation, “Some limitation of motion is not unusual, especia } 
in flexion and adduction, but this is less than that folloAving the hi ui 
cation operation. ...” . 

Since this limitation of motion is due to bony impingement o i6 
femur against the pelvis, it is obvious that the postosteotomy angulation 
of the femur must not exceed the normal angle of inclination of the ^ 
wall of the level pelvis. In this determination, the relationship o 
distal to the pro.ximal portions of the femur plays only a secondai} 

The important part is played by what has been called the postosteo on^^ 
angle, — that is, the angle formed by the shaft and a line uniting t e em 
ral head to the upper end of the distal fragment. 
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This can be readily demonstrated by the following considerations: 

Tile normal femur is a hocke 3 ’’-stick-shaped structure which maj'^ be 
schematically represented b.y a triangle. The shaft, or anatomical axis, 
forms the outer boundaiy, the anatomical neck forms the upper boundar}’-, 
and the mechanical axis, displaced b 3 ’’ the medial projection of the neck, 
forms the inner boundaiy (Fig. 8-A). The important fact to stress is that 
the femoral neck which ma^' be defined as the connection between the 
femoral head and the upper end of the shaft is directed mediallj’’, and 
that as a result the angle of the femoral neck opens mediallj^ and is less 
than two right angles. 

Now, the function of femoral osteotomj’- is to change the line of 
weight-bearing stresses. This is accomplished bj’’ abduction of the distal 
fragment with reversal of the normal relationship of the femoral axes. 
As the abduction increases, the medialb’^ placed mechanical axis shifts 
outward, so that ultimatelj’^ it comes to lie lateral to the anatomical axis. 
Progressively', the normal angle of the femoral neck increases to a straight 
angle, and ultimatelj^ to an angle which opens laterally instead of medially. 
In other words, the direction of the effective femoral neck has been re- 
versed so that it, too, points laterally^ The original anatomical neck re- 
mains unaltered, but a new neck, which consists of the anatomical neck 
plus that portion of the shaft proximal to the osteotomy^, has been formed. 
This fragment as a whole constitutes the effective femoral neck, and the 
line which connects the femoral head with the upper end of the osteoto- 
mized femur forms what may'^ be called, by analogy'-, the mechanical neck 
of the femur (Fig. 8-B). 

This concept of the mechanical neck of the femur acquires additional 
significance when an effort is made to analy'ze the action of a Lorenz 
ty'pe of osteotomy'. Here the upper end of the distal fragment is displaced 
upward, with the result that the mechanical femoral neck lies at some dis- 
tance above the effective femoral neck (Fig. 8-C). It.is the line joining 
the head to the upper end of the distal fragment — the mechanical neck of 
the femur — which forms, with the shaft, an angle whose importance has 
been overlooked. This angle, which has been called the postosteotomy' 
angle, must be carefully' differentiated from the angle of abduction at the 
site of osteotomy'. 

It is this postosteotomy' angle, rather than the abduction angle be- 
tween the proximal and distal portions of the osteotomized femur, that 
is of critical significance. In the simple abduction osteotomies, the post- 
osteotomy' angle normally' increases proportionately' with the angle of 
abduction. In the Lorenz osteotomy', however, the postosteotomy' angle 
can be increased to any' given amount by' simple upward displacement of 
the distal fragment without any' corresponding increase in the abduction 
angle (Fig. 8-C). This being the case, it is apparent that regardle.ss of 
the degree of abduction, it is the postosteotomy' angle which must be 
controlled. Since the apex of this angle is directed medially', it is clear 
that this angle must not be permitted to exceed the angle of inclination 
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of the outer pelvic wall. If this does occur, in the coronal plane, normal 
parallelism of the legs is impossible, and both adduction and rotation are 
impeded. If it occurs in the sagittal plane, as by excessive flexion of the 
proximal fragment, flexion of the leg is limited. 

Since the degree of stability of the hip increases with the lateral dis- 
placement of the mechanical axis, there has been a natural tendenc}" to 
increase the abduction of the distal fragment so as to achieve the maximum 
shift. In unilateral cases, abduction of as much as 45 degrees, and even 
60 degrees, have been suggested. In the erect position, the excessive 
postosteotomj" angle, which such abduction determines, can be readily 
compensated bj" a tilting of the pelvis, which in effect increases the angle 
of pelvic inclination. (This of cour.sc presupposes the possibilit}" of a 
corresponding adduction of the opposite leg, so as to permit parallelism 
in normal progression.) 

It was the consideration of this point which furnished the clue to the 
whole problem. Where pelvic tilting was limited, from whatever cause, 
or where parallelism of the legs was impossible, limitation of motion neces- 
sarilj'^ resulted. In bilateral cases, in which excessive postosteotomj'’ 
angles were formed, adduction of the opposite leg was limited, and ade- 
quate compensatoiy tilting of the pelvis was impossible. In the seated 
position, where also pelvic tilting was impossible, the large postosteotomj’’ 
angle similarlj’’ hampered the patients in crossing their legs or in putting 
on their shoes. Clearljq the indication was the reduction of the post- 
osteotomj'’ angle so that it was equal to, or preferablj’^ less than, the angle 
of pelvic inclination. Bj’’ actual measurements on the roentgenograms, 
this angle varies between 210 and 230 degrees, and experience indicates 
that the posto.steotomj’’ angle should, in general, not exceed the lower 
figure. 

Once this concept became clearlj’’ defined, its general validity in all 
types of upper femoral osteotomy seemed apparent. When it was ap- 
plied to the consideration of the Lorenz bifurcation, a verj^ interesting 
observation was made. In principle, the Lorenz bifurcation consists of 
two separate steps: (1) the abduction osteotomj’’, and (2) the upward 
displacement of the distal fragment. The function of the first of these 
elements has alreadj^ been discussed. Strange though it maj”^ seem, the 
action of the second is directty to overcome the effects accomplished dur- 
ing the first stage. It can readilj'^ be demonstrated that the upward 
displacement tends to decrease both the stability and the range of motion 
which results from abduction. 

During its first, or abduction phase, the Lorenz bifurcation presents 
essentialty the same mechanical picture as the Schanz osteotomjL Ab- 
duction of the distal fragment has resulted in lateral shifting of the me- 
chanical axis, so that stability is increased. The postosteotomj' angle 
has been increased, and, for the sake of the argument, it will be assumed 
that it has been increased to the point where the maximum of stability 
without limitation of motion has been achieved. At this point, the pelvis 
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Fig. 9 

Osteotomy of the Lorenz type shifts 
the mechanical neck of the femur up- 
ivard, with consequent increase of the 
postosteotomy angle to much beyond 
the angle of pelvic inclination, as in 
Fig. 8-C. In the simple abduction 
osteotomies, increase in this angle is 
associated with a corresponding lateral 
shift of the mechanical axis and in- 
creased stability. However, because of 
femoral shortening, the mechanical 
axis is here shifted more medially, with 
relative decrease in stability for any 
given degree of abduction. 


is still level and the legs are parallel. 
Now the second phase of the operation 
is performed. Maintaining the same 
degree of abduction, the distal frag- 
ment is displaced upward, until con- 
tact with the pelvis takes place. 
Promptly thereafter, limitation of ad- 
duction, rotation, and even flexion, 
occur. Clinical observations and ex- 
perimental studj’’ amply establish the 
fact that this is due to projection of 
the bonj’- spike formed by the upper 
end of the osteotomized shaft. It 
could be hoped that, for the resulting 
loss of motion, a proportionate in- 
crease in stability might be achieved. 
But exactly the opposite occurs. 

From a mechanical point of view, 
the upAvard displacement of the shaft 
acts to shift the mechanical neck of 
the femur upivard, and so to increase 
the size of the postosteotomy angle. 
In all other osteotomies, the increase 
in this angle necessarily implies a 
lateral shifting of the mechanical axis 
and a tendency to increase stability- 
In the Lorenz osteotomy, because of 
the shortening of the femur as a ivhole, 
the mechanical axis moves medially, 
and, for the same angle of abduction, 
tends to diminish the stabilitjL It is 
only b5'’ further incieasing the abduc- 
tion, and so decreasing the mobiht}', 
that the stability previously obtained 
can be preserved (Fig. 8-C). 

The obseiwations here made in 
regard to the Lorenz operation apply 
with even greater force to the opeia 
tive modification suggested bj" us.. 
In his operation, the upper end of tne 


distal fragment is displaced forward, as well as inward. The 
the proximal fragment, combined with this forward inclination o 
upper end of the distal fragment, tends to 3 deld that degree of 
anterior angulation to ivhich Gaenslen called attention in discussing 
Schanz osteotomjL It appears that, ivhatever the angle maj 
formation of a spike tends to defeat the purpose for which it vas 
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For any desired degree of stability, the spike imposes the necessity of 
greater abduction and the assurance of limitation of motion. For any 
desired degree of mobilit3’-, it imposes the necessit3'^ of decreased angula- 
tion with the assurance of diminished stabilit3L In fact, its greatest field 
of usefulness seems to be precisel3’’ in those conditions, such as tubercu- 
lous coxitis, in which limitation of motion ma3’^ be desirable. 

The therapeutic implications of these considerations are immediate. 
The formation of a spike should be avoided. The osteotomy should be 
performed in the plane of the anatomical neck of the femur. The angle of 
abduction of the distal fragment of the femur should be such that the post- 
osteotom3’- angle is less than the angle of pelvic-wall inclination. These 
elements in the successful performance of femoral osteotom3'' impose the 
necessit3’’ of careful control of the osteotomized fragments. For this 
reason, exposure of the femur through an anterior incision, careful execu- 
tion of the osteotom3'’, and subsequent control of the fragments b3'^ plaster 
or b3'^ pins incorporated in the plaster, seems advisable. Postoperative 
roentgenograms with actual measurement of the postosteotomy angle are 
imperative in determining the need for increasing or decreasing the 
angulation of the distal fragment. 

If the patient is seen some time after union of the osteotom3'- has oc- 
curred, and disabilit3" persists, revision of the operation should be advised. 
Whenever possible, the spike, if present, should be amputated. Where the 
angulation is not too great, the apex of osteotom3'’ may be resected suffi- 
ciently to reduce the angle to below that of the pelvic wall. However, if 
the angulation is so great that simple resection cannot be safel3’' carried 
out, osteotomy and reduction of the degree of abduction must be per- 
formed. 
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THE USE OF NEOARSPHENAMINE IN THE TREATMENT OF 
ACUTE STAPHYLOCOCCUS AUREUS SEPTICAEMIA AND 

OSTEOMYELITIS * 

BY JOHN F. LeCOCQ, M.D. AND EDWARD LeCOCQ, M.D. SEATTLE, WASHINGTON 
From the Seattle Orthopaedic and Fracture Clinic, Seattle 


The use of arsenic compounds in the treatment of staphjdococcus 
aureus septicaemia was first attempted by the authors in 1932. At that 
time an acute osteomyelitis of the femur had developed in a girl, as a 
complication to an acute empyema and suppurative pericarditis. The 
blood culture revealed the staphjdococcus aureus to be the offending 
organism. It was suggested that neosalvarsan, which had been used with 
good results in pyelitis due to staphylococcus aureus infection, might be 
beneficial. The drug was used and a recovery effected. The infected 
femur was, of course, drained and treated according to accepted methods. 

Following this experience, Dr. D. H. Nickson made some laboratory 
tests to determine the effect of arsenic compounds on the staph 3 dococcus 
aureus in culture. It was found that, on test plates, growth of the 
staph3dococcus aureus was inhibited in 1:100 dilutions of neosalvarsan; 
dilutions of 1:100 up to 1:1000 retarded growth, but did not inhibit it; 
and dilutions greater than 1:1000 had no effect on the organism. 

During the last eight years, all cases of acute osteom 3 ^elitis have been 
treated on the assumption that a septicaemia caused by staphylococcus 
aureus existed. Earl 3 ^ surgeiy, when not contra-indicated, has been car- 
ried out. The blood culture has been made in the operating room, and 
the first dose of arsenic has been given on the operating table. If the 
blood culture showed no growth, no further use of arsenic was made. If 
the blood culture was positive, arsenic was continued over a peiiod o 
some days. 

The following is a comparison of the results which have been obtaine 
by the use of neoarsphenamine with results obtained prior to its use. 

The number of records examined Avas 131, of which sixty-six veie 
selected. The arbitrary basis for this selection was that no patient n lose 
record was summarized had a temperature of less than 101 degiees o 
admission, had an illness of prolonged duration, or one that was a ^ 
exacerbation of a chronic osteomyelitic infection. In other avoi s, 
the acute, fulminating types of infection AA’^ere considered. Theie 
forty-four males and tAAmnty-tAAm females. The uveraga age 
Avas eight and one-half. The average duration of the symptoms n as 
da 3 ’’S. The aAmrage temperature on admission aa^s 103.2 egie , 


104: degrees rectal temperature. . „q^j-sc. 

The location of the disease in this series folloAA'ed the usua 
the tibia and the femur being the most usual locations of t le m ec ^ 

* Read at the Annual Meeting of the American Academy of Orthopa- 
New Orleans, Louisiana, January 14, 1941. 
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Of the sixty-six patients selected for this study, fift.y-three had blood 
eultures made, while thirteen did not. This laxity in the making of 
blood cultures maj"- be partially explained by the fact that the series of 
cases runs back to 1927, or thirteen j'^ears. Of the cultures of the fifty- 
three patients for whom blood cultures were made, thirty were found to 
be positive and twent,y-three negative. 

No patient having a negative blood culture died, whereas there were 
thirteen deaths in the group with positive blood cultures. Twenty-three, 
or 100 per cent., of the patients with negative blood cultures recovered. In 
the group with positive blood cultures, seventeen patients recovered. 
In other words, in this group of fifty-three patients for whom blood cul- 
tures were made, there were forty recoveries and thirteen deaths. 

To come back to the use of arsenic in the treatment of acute staphjdo- 
coccus aureus septicaemia and osteomyelitis, this drug has been of great 
benefit in reducing the rate of mortality. In recent studies Osgood, of 
the University of Oregon Medical School, has conducted extensive re- 
search on the effectiveness of neoarsphenamine, sulfathiazol, sulfa- 
nilamide, and sulfapyridine in the therapj^ of staph}dococcus aureus 
infections in marrow cultures. He has shown that sulfathiazol and sulfa- 
methjdthiazol in dilutions of 1:10,000 are definitely inferior to neo- 
arsphenamine in dilutions of 1:150,000 to 1:200,000 in destroying the 
staph 3 dococcus aureus in marrow cultures. 

Of the thirty patients who showed positive blood cultures, twenty- 
one received neoarsphenamine; of these, five, or 24 per cent., died and 
sixteen, or 76 per cent., recovered. Of the nine who received no neoars- 
phenamine, eight, or 89 per cent, died, and one, or 11 per cent., recovered. 

Dosages used have been more or less empirical. The routine has been 
to administer an initial dose of 0.15 grams, and to increase the dose grad- 
uallj’^ eveiy three da.ys to a maximum of 0.45 grams. In no case have 
more than seven doses of the drug been administered. 

According to Osgood’s recent Avork the dosage should be : body weight 
in pounds divided bj'- 330 ; this indicates the total dose to be given on the 
first dajr in three or four divided doses. Each subsequent da.y three- 
fourths of this dose is administered, divided into three spaced doses, and 
this is carried on until the patient has been afebrile for six to ten daj’^s. 

CONCLUSIONS 

Neoarsphenamine is a powerful weapon in combating septicaemia 
and acute osteomj^elitis due to the staph 5 dococcus aureus. The death 
rate has been markedty decreased through its use. It is hoped that the 
drug maj^ find wide general use and be subjected to further clinical studjL 
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THE TIMING OF THE FRACTURE-HEALING PROCESS 


Its Influence on the Choice and Application op Treatment 

Methods* 

BY CLAY RAY MURRAY, M.D., F.A.C.S., NEW YORK, N. Y. 

From the Department of Surgery, College of Physicians and Surgeons, and the Fracture 
Service of the Presbyterian Hospital, New York 


Based upon the intensive research of the last quarter centuiy into the 
nature of the tissue reaction follomng fracture, the author is of the opinion 
that there is today a reasonably clear idea of what takes place, although 
the whys and the hows arc still in many respects hazy or unknown. He 
believes that one may accept as reasonably certain, on the basis of both 
experimental and clinical evidence, the following as the probable course 
of events in the "average” or "normal” case: 

1 . Tissue death and hemorrhage in both soft parts and bone as re- 
sult of trauma. This is immediate. 

2. The reaction of inflammation secondary to the autolytic products 
of tissue death and hemorrhage into the tissues, — the outpouring of in- 
flammatory exudate, and the stagnation and engorgement of the local 
minute circulation in tissue spaces, lymphatics, and ultimate capillaries. 
This occurs in a space of hours. 

3. The creation of a markedly lowered pH in the local tissue fluids 
by these products of tissue death and hemorrhage, until such time as the 
local minute circulation can disperse them. 

4. The formation of a fibrin network by the clotting of hemorrhage 
and exudate. 

6. The progressive decalcification of bone as long as it lies in tissue 
fluids of a markedly low or acid pH. 

6. The appearance and growth of undifferentiated connective-tissue 
cells along the fibrin network joining the bone ends and suiroun mg 
tissues. This can be seen as early as twenty-four to thirty-six loui 
after injury. 

7. The accumulation of unprecipitated or undeposited 

some undetermined form in this tissue network, apparently in connec lo^ 
with the fibrin of clot and the collagen of the undifferentiated nev 
This starts as earlj'- as the fibrin formation and continues as long as 
dual condition of local calcium accumulation and the presence o co a 


or fibrin in a low or acid pH exists. , i 

8. Gradual rise of the local tissue fluid pH from the aci 
reason of the dispersion of the autolyzed products of tissue ea 
products of local tissue metabolism by increasingly efficient oca 


circulation. Orleans 

*Read before the American Academy of Othopaedic Surgeons, 


Louisiana, January 15, 1941. 
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9. Deposition of the accumulated calcium in the newly formed un- 
differentiated tissue. There is sufficient evidence to support strongl}'- the 
supposition that this occurs when the pH of the local tissue fluids has risen 
to a point where a phosphatase can become aetive. This is callus forma- 
tion. 

10. There is adequate support for the viewpoint that, if the new 
tissue becomes differentiated into adult formed connective tissue before 
the pH of the tissue fluids has risen to a point where phosphatase activity 
is possible, no calcium deposition occurs. A so-called fibrous union takes 
place instead. If the pH rises to a point which allows only minimal 
phosphatase activity, a slow calcium deposition occurs, but ceases as a 
local healing process when tissue differentiation is complete. 

It is obvious that chronological time in this story means little or 
nothing save as an “average” figure, because of wide variations in the 
severit3’’ and extent of tissue damage, and of anatomical factors which 
affect the speed of progress of the pathological process. “Time” refers 
to the stage of progress which the pathological condition has reached. It 
is to be interpreted in terms of clinical evidence, — such as the character and 
extent of swelling, pain, tenderness, oedema, infiltration, and ecch3'-mosis. 
The stage of progress which is reached at the end of eight hours in the 
“aA’^erage” case ma3’' be reached or passed in two hours in a sei^ere case, 
or ma3'’ not be attained for tivelve, sixteen, or twent3’--four hours in others 
less severe or differentl3’’ situated. But the actual place in “time” of 
each of these cases is definitel3'’ proclaimed to careful examination b3’' the 
patient’s signs and S3TOptoms. The logical rule to follow is to treat the 
fi-acture in accordance ivith the patholog3’- present, regardless of chrono- 
logical time elapsed since injur3'-, b3’’ modifying whatever method the 
surgeon is best capable of handling effectivel3L A standard treatment 
applied early in point of pathological progress ma3'' be eminentl3’' success- 
ful, and as eminentl3^ unsuccessful if applied late; the reverse of this is 
also often true. The difference in significance of the terms “early” and 
“late” does not mean a question of iveeks, or for that matter even days, 
but may hai'^e to be interpreted in terms of a A^ery feAv hours. 

This brief resume of a view^point is necessaiy to consider hoAv treat- 
ment ma 3 r affect the timing and progress of this process, or, conAfersel 3 q 
hoAv treatment ma3'’ haA^e to be modified according to the stage at AA^hich 
treatment is undertaken. It is obAuousty impossible to enter into a pro- 
longed discussion of the AueAA'point itself in this paper. HoAA'CA^er, an 
annotated bibliograph3" Avhich coA^ers the pros and cons of the problem 
both from the academic and the clinical side is appended. 

It is proposed to illustrate the influence of the timing of the process 
on the choice of method, and on the manner of canying out the chosen 
method, b3" citing clinical conclusions AA’hich haA^e been reached on a 
SerAUce AA'here the technique of treatment has been dcA^eloped for the last 
tAA’eh'^e and a half 3 'ears on the basis of the expected effect on the patho- 
logical situation present at the time of treatment. The conclusions are 
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drawn from the clinical results obtained by treatment methods and tech- 
nique developed on this principle in something over 13,000 fracture 
cases. 

1. The “time” schedule of the development of tissue reaction after 

fracture dictates the technique of traction-suspension as a method of 
treatment. Reduction, in so far as length is concerned, should be attained 
within a few hours. The author likes to get it in four hours. Every 
effort should certainlj’- be made to get it within the twelve-hour period. 
The underljdng principle is to get the normal length while the muscles are 
still elastic and can be stretched without damage and with minimum 
effort. Depending upon the severity of the trauma this elasticity is lost 
in from four to sixteen hours, and stretching of the muscle can then no 
longer occur. The muscle is infiltrated with hemorrhage, exudate, and 
fibrin, and is subject to the laws of hydraulics rather than to those of elas- 
tic bodies. The common failing is to underpull in these early hours for 
fear of overpull. It is freely stated by some that overpull cannot be cor- 
rected, and persists if allowed to remain more than a very short time. 
This statement is erroneous. Overpull can be corrected readily, even if it 
has existed for several hours, provided it is corrected before the “congeal- 
ing” of the musculature makes correction impossible. It is proper to say 
that it is difficult or impossible to correct if it has been in effect overnight, 
or if it has been applied after the muscle infiltration is advanced. Because 
of this misconception, overpull at any time is warned against. What is 
lost sight of is the fact that once the pathological state is fully established, 
underpull is as hard to correct as is overpull, and the too common con- 
ception of traction-suspension, skeletal or otherwise, as a method o 
reduction acting over daj^s or weeks is responsible for some of the reputa- 
tion which traction-suspension bears as a factor in the etiology of delaye 
union and non-union. As a method of maintaining a reduction it can o 
course be used for any period of time. Fractures seen twelve or more hoins 
after injury are not ideal subjects for traction-suspension. For that ma 
ter, they are not ideal subjects for an 3 '’ method of treatment. It must e 
remembered that whatever method of reduction is used in these late cases 
must add additional patholog.y to get length, if the fracture site les m 
muscle bellies alread 3 '^ congealed. If traction-suspension is used m les 
cases, overpull must be carefully guarded against. ^ 

2. A fracture which is to have an open reduction is best done v i 
four to eight hours after injuiy, — ^before the infiltration piocess 
reached the point of being “fixed” in the tissues. During sue 1 
operation the escape of blood and exudate from the tissues 
minimal soft-part pathology vdth its functional implications, an , 

on the basis of the conception of the healing process descii e a ® 
more certain and quicker calcification of the healing tissue to 
The author is firmb^ convinced bj'^ careful stud}’- of clinica resu 
this is actually so. He is also firmly convinced, on the ^ 
statistical analysis, that the risk of operative infection is e- 
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earlj’-'hour operations than in those done at any other time within the 
first week after injury. 

3. The least satisfactoiy time for open reduction on a recent fracture 
is from about the twelfth to the twenty-eighth day, during which time 
maximum decalcification of the bone in the vicinity of the fracture is 
occurring, and an.y internal fixation must be made in bone which may be 
incapable of taking the strain. 

4. Recent fractures treated bj'- open reduction followed by plaster 
immobilization take longer for bone healing than similar cases treated bj'^ 
closed methods. This clinical observation is thoroughly in keeping with 
the relative stagnation of the local minute circulation which results from 
immobilization of the soft parts as well as of the bone. 

5. Early (emergency) operation, with internal fixation rigid and 
firm enough to allow of active mobilization postoperativeh'- in counter- 
balanced suspension, not only restores joint and muscle function moi-e 
promptlj'^ than is possible in immobilized patients, but promotes the speed 
and certaint 3 " of fracture healing. This it does b}^ allowing the escape 
of a great deal of pathological material at operation, and bj’- greatl}’’ in- 
creasing the effectiveness of the local minute circulation (tissue spaces, 
lymphatics, and ultimate capillaries) in dealing with what remains behind. 
The active functioning of muscles without spasm, such as can be obtained 
with properl 5 >- applied and supervised balanced suspension after adequate 
operative fixation, is one of the most effective means at our disposal for 
the stimulation of such circulation. 

6. In general the open reduction of fractures followed by plaster 
immobilization results in prolongation of the time needed for bone healing 
as compared with similar cases treated by closed methods. This is par- 
ticularlj'- true when the operation is done some daj^s after healing. On the 
pathological process already “fixed” in the tissues, is superimposed the 
damage resulting from operative trauma, and the subsequent immobiliza- 
tion minimizes the efficiencj'^ of the local minute circulation which has to 
cope with the accumulation of products tending to defeat the adequate 
formation of callus. This has been the author’s experience, and it could 
not logicallj'^ be otherwise in the light of the strikinglj'' definite findings 
under the preceding observation. 

7. If examination of the roentgenograms leads to the conclusion 
that internal fixation, rigid enough to allow active mobilization of the 
extremit.y postoperativelj^ in balanced suspension, vail not be possible, 
the patient is best treated bj’’ closed methods if possible. This is but a 
natural corollary of observations 5 and 6. Operation on such a patient 
should be bj'^ virtue of necessity onty. If he has to be operated upon, 
the earlier the operation the better, provided it is in the first two weeks. 

8. If fixation is not rigid, and if it does not provide protection against 
torsional, sheering, and angular forces, absorption of bone about the 
fixation material will occur. When external immobilization of the ex- 
tremity is added to the internal fixation of the fracture, these forces ma^' 


VOL. xxm. XO. 3. JULY 1941 



602 


C. R. MURRAY 


be guarded against in part or almost in whole at the expense of functional 
activit}^ of the part, with all its implications. 

9. On the basis of some of the points mentioned above, it is obvious 
that the principles of "reduction as soon after injury as possible” is ap- 
plicable to all methods of reduction. It is questionable, however, as to 
whether or not this general rule holds true for fractures so situated that 
the question of progressive pathological change in muscle is not a factor, 
such as fractures involving the ankle joint (particular!}^ when the inferior 
tibiofibular joint has been disrupted), fractures involving the wrist joint, 
and fractures of the os calcis. While it is unquestionably true that these 
fractures are best reduced within the first six to eight hours, it is also true 
that if they are first seen twelve or twenty-four hours after injury \dtli 
enormous swelling (vdth or without bleb formation), not only is reduction 
at that time difficult, but adequate fixation in plaster is either difficult 
or impossible because of the tremendous soft-part swelling. Since no 
pathological condition exists in the muscles in these cases, vuth the ex- 
ception of muscle spasm as a protective mechanism, is it not justified to 
devote twenty-four or fort 5 '’-eight hours, not more, to an intensive aftack 
on the soft-part swelling, so that reduction is more easity accomplished, 
more accurately gauged, and more readily and effectivel}’' maintained by 
external immobilization? Through the use of moderate elevation, con- 
stant low-grade heat, gentle stroking massage, the use of the positive and 
negative pressure boot, and such other methods as are at our disposal, the 
minute circulation can be speeded up and the tissue infiltration decreased. 
This is a far cry from “waiting for the swelling to go down” since it is 
actually an intensive attempt to disperse the tissue infiltration. It is 
getting rid of patholog}^, instead of allorving it to organize in the tissues. 
In this respect, and in the fact that such dela}'’ in reduction for a ver}^ 
limited time is applicable only to late cases with the pathology alrea } 
established, and in which muscle is not involved in the pathological con i 
tion, it differs materially from John Royal Moore’s delaj^ed reduc ion 


practice. 

10. Fractures involving certain portions of the bodj^ have 
noted for their tendency to either excessive callus formation or ac 
ossification in the adjacent soft parts. This tendency is, of course, pa^^ 
ticularl}’- marked in fractures, Avith or without dislocation, in v 
anterior portion of the elborv joint capsule and the overljing 
anticus have been involved. This tendenc.y can be prognostica e 
man}’- cases by the clinical examination which discloses signs o 
the deep anterior structures with infiltration of the antecu i a 
tension beneath the forearm fascia, and even direct antecubita 
within an hour or twm of fracture, and by the anteiioi isp ace jj- 
separated bone fragments. The abnormal bone formation occu ^ 
the pathological process is allow^ed to progi'ess to its to iH' 

tive or vigorous manipulative procedures after this time aie 
crease the tendency to bone formation. Relief of the so pai’ 

,H. or .o™ 



THE TIMING OF THE FRACTUKE-HEALING PROCESS 


603 


in tlie early hours is tlie safeguard against this complication, whether it 
be accomplished by operation or otherwise. But recognition of the neces- 
sity for that relief is the crux of the situation. 

It is the author’s belief that our undergraduates can derive more 
sound understanding of the basic principles which underlie fracture treat- 
ment as a whole, if thej" come to think more about what any method of 
treatment has to accomplish in the guiding of the pathological process 
after fracture, and less about the technical details of treatment methods. 
The abilit.y to interpret plij'^sical signs as indicative of the pathological 
state present, and of the speed with which it is progressing is a sound 
basis for the intelligent use of an3’' method of treatment. 
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Its Problems. (Translated from the French by Sherwood Moore and J. A. Key.) 
St. Louis, C. V. Mosby Co., 1928. 

Presents to some degree the pros and cons of all sides of the story, but in 
the main is against specific osteoblast, favors in the main the idea of metaplasia, 
and has interesting suggestions as to the origin of the bo7ie matrix or osteoi . 
Howland, J. : The Etiology and Pathogenesis of Rickets. Medicine, II, 349, 1923. 

On mechanism of calcium deposition. Interesting in relation to the cen 
tral ossification in osteoid trabeculae although osteoblasts lie periphera j 
placed. 

Murray, C, R., and Murray, M. R. : The Mechanism of Deposition of Calcium to 
Form Extraskeletal Bone in the Adult Animal — a Preliminary Study. Anat. ec 


ord, XLVII, 292, 1930. . f't-in 

On mechanism of calcium deposition; is opposed to specific ce 1 ’ 

favor of factor of environmental biochemistry, particularly interreaion 
pH conditions and ferment activity of non-specific origin, as a basic one. 
Harris, H. A.; Bone Formation and the Osteoblast. Lancet, II, 489, 19 • 
Discusses the chemistry of calcification with a strong defense o os e 
specific function and metaplasic origin of the osteoblast. . 

Kirby, D. B.; A Study of Calcium in Relation to Cataract. Trans, m 
Ophthal., XXXV, 154, 1930. an 

On the ophthalmological problem of cataract formation, u 
interesting discussion of the mechanism of local calcium concen ra 
Wells, H. G.; Pathological Calcifications. J. Med. Research, XD , 49 , 

On the chemistry of calcification. -hnnatc in 

Watt, J. C.: The Deposition of Calcium Phosphate and Calcium Ca 
Bone and in Areas of Calcification. Arch. Surg., X, 983, 1^25. i ,.ggipitation 
On the chemistry of calcification and in favor o c lemic 
theory, , 1911- 

Wells, H. G. : Calcification and Ossification. Arch. Int. e ., > 

On the physicochemical basis of calcification. 
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22. Cowan, J. F. : Non-Union of Fractures. An Experimental and Clinical Study. 
Ann. Surg., LXXXVIII, 749, 1928. 

On the intrinsically local nature of the fracture-healing process. 

23. Campbell, W. C. : Ununited Fractures. Arch. Surg., XXIV, 990, 1932. 

Discussion of the phj'sical factors involved in fracture repair, and in bone- 
grafting. 

24. Murray, C. R.: The Repair of Fractures. Minnesota Med., XIII, 137, 1930. 

On the purely local nature of fracture healing, including the question of the 
calcium utilized in the formation of callus; in support of the tissue-fluid bio- 
chemistiy as a basic factor, as opposed to specific cell activity as a factor; and 
against the osteoblast vieivpoint. 

25. Phe.mister, D. B.: The Recognition of Dead Bone Based on Pathological and 
X-Ray Studies. Ann. Surg., LXXII, 466, 1920. 

Aseptic necrosis and replacement of dead bone following bone injury; the 
conception of “creeping replacement”. 

26. Tisdall, F. F., and Harris, R. I.: Calcium and Phosphorus Metabolism in Pa- 
tients with Fractures. J. Am. Med. Assn., LXXIX, 884, 1922. 

In favor of cori elation between fracture healing and general calcium and 
phosphorus metabolism. 

27. Ravdin, I. S., AND Jonas, Leon: Studies of Calcium and Phosphorus Metabolism 
in the Fracture of Bones. Ann. Surg., LXXXIV, 37, 1926. 

Against correlation between fracture healing and general calcium and phos- 
phorus metabolism. 

28. McKeown, R. M. ; Lindsay, M. K. ; Harvey, S. C. ; and Howes, E. L. : The Break- 
ing Strength of Healing Fractured Fibulae of Rats. II. Observations on a Stand- 
ard Diet. Arcli. Surg., XXIV, 458, 1932. 

29. McKeown, R. M.; Lindsay, M. K.; Harvey, S. C.; and Lumsden, R. W.: The 
Breaking Strength of Healing Fractured Fibulae of Rats. III. Observations on 
a High Fat Diet. Ai’ch. Sui'g, XXV, 467, 1932. 

IV. Observations on 

a High Carboh 3 ’drate Diet. Arch. Surg., XXV, 722, 1932. 

The above references deal with the influence of general metabolism defi- 
ciencies on fracture healing, ascribing to them an important role. 

30. Brown, W. L., and Brown, C. P. : Preliminary Report on Experimental Bone and 
Periosteal Transplantation. Surg. Gynec. Obstet., XVII, 681, 1913. 

A denial of a periosteal role in ossification. 

31. Fell, H. B. : The Osteogenic Capacity in vitro of Periosteum and Endosteum Isolated 
from the Limb Skeleton of Fowl Embiyos and Young Chicks. J. Anat., LXVI, 
157, Jan. 1932. 

On osteogenesis in young embrjms from jmung and old endosteum and 
from young periosteum, but not from old periosteum. 

32. Haas, S. L.; The Importance of the Periosteum and the Endosteum in the Repair 
of Transplanted Bone. Arch. Surg., VIII, 535, 1924. 

On the necessity of preservation of both periosteum and endosteum in bone 
transplants with arguments in favor of both being bone-forming structures. 

33. Girdlestone, G. R.: The Treatment of Fractures in the Light of Their Ischaemic 
Complications. J. Bone and Joint Surg., XIV, 755, Oct. 1932. 

On the factor of ischaemia in relation to bone repair; a discussion of vas- 
cular circulatorj^ factors. 

34. Morton, J. J., and Stabins, S. J.: Circulatorj- Factors Influencing Normal Osteo- 
genesis. Ann. Surg., LXXXVI, 430, 1927. 

On the relationship between gross venous stasis and fracture healing. 

35. Johnson, R. IV.: A Plysiological Studj" of the Blood Supplj’ of the Diaphj-sis. 
J. Bone and Joint Surg., IX, 153, Jan. 1927. 

On the influence of vascular conditions in bone repair and fracture healing. 
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36. Kay, H. D.; The Function of Phosphatase in Bone-Formation. British J Exper 
Path., VII, 177, 1926. 

On the significance and function of phosphatase in bone formation. 

37. Fell, H. B., and Robison, Robert: The Growth, Development and Phosphatase 
Activity of Embryonic Avian Femora and Limb-Buds Cultivated in nilro. Bio- 
chem. J., XXIII, 767, 1929. 

The Development and Phosphatase Activity 
in vivo and in vitro of the Mandibular Skeletal Tissue of the Embryonic Fowl. 
Biochem. J., XXIV, 1905, 1930. 

38. Goodwin, H. W., and Robison, Robert: The Possible Significance of Hexose- 
Phosphoric Esters in Ossification. Part IV. The Phosphoric Esters of the Blood. 
Preliminary Communication. Biochem. J., XVIII, 1161, 1924. 

39. Kay, H. D.: Kidney Phosphatase. Biochem. J., XX, 791, 1926. 

The above references are on the development of phosphatase and its 
activity. 

40. Bancroft, F. W.: Bone Repair Following Injury and Infection. Arch. Surg., V, 
646, 1922. 

On the clinical implications of tissue biochemistry in relation to fracture 
treatment and bone-grafting. 

41. Murray, C. R. : Delayed and Non-Union in Fractures in the Adult. Ann. Surg., 
XCIII, 961, 1931. 

On the clinical implications of the non-osteoblastic conception in regard to 
the prevention and treatment of delayed union and non-union. 

42. Murray, C. R. : Healing of Fractures. Its Influence on the Choice of Methods of 
Treatment. Arch. Surg., XXIX, 446, 1934. 

On the clinical implications in treatment of fractures, and in the fate of 
bone grafts in modern studies of bone repair. In support of the non-osteo- 
blastic viewpoint. 

43. Lindsay, M. K., and Howes, E. L.: The Breaking Strength of Healing Fractures. 
J. Bone and Joint Surg., XIII, 491, July 1931. 

Discussion of breaking strength during healing; an intermediate perio o 
decreased breaking strength between primary healing and eventual recon 
struction — of considerable clinical interest. 

44. Ballin, Max: Parathyroidism. Ann. Surg., XCVI, 649, 1932. 

On the role of the parathyroid. Presents the pro-parathyroid argumen . 

45. Chandler, S. B. : The Healing Fractures in Parathyroidectomized Albino a s. 

Anat. Record, XXXV, 7, 1927. i 

On the role of the parathyroid. Presents the anti-parathyroi 

46. Lehman, E. P., and Cole, W. H.: Parathyroid Hormone and the Calcification 

Fracture Callus. J. Am. Med. Assn., LXXXIX, 587, 1927. 1 , H es not 

On the influence of the parathyroid; a viewpoint that it not on j 
aid fracture healing, but may actually afford interference. 

47. Ross, D. E.: Relation of the Parathyroids to the Healing of a Fracture a 

trolled bj"^ the Roentgen Raj’^s. Arch. Surg., XVI, 922, 1928. rathyroid- 

On the parath 3 Told influence; in favor of influence of gs a 

ism as deterrent to fracture healing, and against mild para jro 

factor of any clinical importance. , p„rn thyroid 

48. Thompson, R. L., and Swarts, J. L.: The Influence of the TIijtoi an 

Glands on the Healing of Fractures. J. Am. Med. Assn., LI , > 

Against the influence of thyroid in fracture healing. 
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PHYSIOLOGICAL SCOLIOSIS * 

BY ALADAR FARKAS, M.D., IOWA CITY, IOWA 

Visiting Professor, Orthopaedic Department, State University of Iowa; 

Formerly Chief Surgeon, Orthopaedic Department, Brody Hospital, Budapest, Hungary 

Tliis introductory stud}’' of the pathology and the therapj^ of scoliosis 
was undertaken in the hope that the results obtained would also be of 
definite value in the treatment of paratytic scoliosis. It was carried out 
in the Orthopaedic Department of the State Universit}’- of Iowa, and the 
author gratefully acknowledges the interest and support accorded him 
b}’ Dr. Arthur Steindler, the Head of this Department. 

Prior to its recognition bj’ anatomists and other investigators, the 
e.xistence of physiological scoliosis had been constantly observed by tailors 
and dressmakers for many centuries, of course without their having recog- 
nized the condition. As the ph3’siologieal scoliosis increased vdth ad- 
vancing age, the tailor or dressmaker would become suddenlj^ aware that 
the shoulders of the customer were no longer level and that one of the 
hips had become prominent. The whole stature of the individual had 
changed, and it would become necessary to camouflage the usual physio- 
logical deformation ascribed to age. The main reason for the change was 
nothing but ph3’siological scoliosis, which, b}’ shifting of the shoulder 
girdle from one side of the hip line to the other, had finall}’’ changed the 
stature. 

The existence of ph3’siological scoliosis was scientificall}’’ established 
o'\’er 150 3''ears ago b}’ Sabatier, who found that the great majorit}'- of adult 
spines showed a well-defined curve to the side; in the lumbar and cervico- 
thoracic segments the convexit}'^ was usualty to the left side, and in the 
thoracic region, to the right side. 

The investigation of ph3’siological scoliosis in cadavera and in living 
persons in large-scale clinical examinations has been mainly concerned 
with the lateral curve; the form of the curve and the direction of the 
convexit}’ have been ampl}’' described. Most investigators agree upon the 
existence of the phenomenon, but some of prominence (notabl}’ Lorenz) 
den}’ it. In the author’s opinion, the examination of cadavera or even of 
living persons can hardl}’ prove or disprove the existence of ph3’siological 
scoliosis. The reasons for this are obvious: 

1 . The position of the cadaver is alwa3’s an arbitraiy one, depending 
on the vail of the investigator, especiall}’ in cases of slight abnormalit}'. 

2 . In living persons the clinical investigation must take into account 
the to some extent arbitraiy posture of the individual, his tendenc}' toward 
autocorrection, and the difference in the length of the legs. 

3 . The routine roentgenographic examination is made with the 

* Received for publication on August 12, 1940. 
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patient in the supine position; hence the author has found that the great 
majority of roentgenograms of the spine (especially of j^oung persons), 
taken for other purposes, do not display much evidence of a lateral curve. 
It is well known that in cases of scoliosis slight lateral curves, and even 
more marked ones, completely disappear in the supine position. 

4. In the standing position, lateral curves may be easil}’- effaced by 
the counteraction of the healthy intervertebral discs, which, due to the 
large amount of their elasticity, do not allow the development of lateral 
curves for a long period, even in pathological scoliosis. Thus the demon- 
stration of the spine without discs presents the lateral curves in an exag- 
gerated form, as compared with the living individual, but it represents the 
deformation of the vertebrae in its true aspect. 

In previous papers the author has repeatedl}’^ referred to the well- 
defined deformations found in noi'mal vertebrae, as well as to the cause 
of these phenomena, but he has not included a detailed analysis. For 
this purpose, in the present studj'- twentj'^ complete normal skeletons, 
ranging from nineteen to eighty-six jmars of age, were examined. Besides 
these, the skeleton of a normal six-year-old child and that of a seriously 
deformed scoliotic child were examined and measured, serving as standard 
types of normality and scoliotic deformation with which the skeletons of 
normal adults were compared. 

The examinations were concerned exclusivel}’’ vdth the invariable ele- 
ment of the spine, — that is, with the vertebrae. The postmortem shrink- 
ing and the preparation of the ligamentous apparatus interfere with the 
true happenings, and the author tried to avoid anj’- arbitrary factor in the 
investigations. 

The examination of the cervical spine was omitted, as in this region 
scoliosis very rarely occurs. For mechanical and developmental reasons 
not to be discussed here, the author divided the spine into three func- 
tional segments: 

I: The upper thoracic, comprising the first six thoracic vertebiae, 

II: The lower thoracic, consisting of the remaining six thoiacic 
vertebrae plus the first lumbar vertebra; 

III : The lumbar, including the lower four lumbar vertebrae. 

The twelve thoracic and the five lumbar vertebrae were examine 
vdth reference to the follovdng factors: 

1. The alignment of the spine when hung on a wire; ^ 

2. The height of the vertebral bodj’’ on its left and right 
measured at the level anterior to the attachments of the ribs and t le lO 
of the pedicles; 

3. The length of the pedicles (the distance between the pos 
edge of the vertebra and the superior articular process) ; 

4. The greatest width of the dorsal surface of the pedicles, 

5. The length of the dorsal surface of the vertebral bodj^ on i 
and left sides (the distance of the posterior border of the bo } 
anterior border) ; 
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6. The angle between the impressio cordalis vertebrae * and the 
spinous process on each side; 

7. The angle between the impressio cordalis vertebrae and the 
transverse process on each side; 

8. The angle between the impressio cordalis vertebrae and the 
inferior articular processes of the lumbar vertebrae and of the eleventh 
and twelfth thoracic vertebrae. 

The measurements were made b.y means of an anthropometer and a 
goniometer (Fig. l).t The choice of the mold on the back of the vertebral 
body (impressio cordalis) as the center for the measurements of the angles 
was motivated b}" the fact that it is the spinal cord which preserves its po- 
sition best in aiyy deformation of the vertebrae. In the case of the spi- 
nous and transi^erse processes, the center of measurement was the end of 
the process. On the basis of the measurements, graphs, representing the 
behai'ior of the seventeen i^ertebrae measured, were drawn. 

TERMINOLOGY 

In order to avoid confusion, the author wishes to clarif}" the following 
terminology used in this paper: 

1. Neutral vertebrae are those which do not show an}”" obvious signs 
of deformation, having the normal shape customaril}^ depicted in the 
textbooks of anatom 3 L The}’' are called “neutral” instead of “normal” 
because either below 
them or above them, 
or (both below them 
and above them the 
vertebrae are de- 
formed. Thus they be- 
long neither to the one 
class nor to the other 
class of deformed 
vertebrae within a 
deformed spine. 

2. Rhombic, loz- 
enge-shaped, or transi- 
tional vertebrae are 
those which have a 
conspicuous rhombic 
shape, but show little 
or no difference in 
height between their 
right and left sides. Thej^ give the impression that the upper surface of 
the vertebral bodj'' has shifted to one side, while the lower surface of the 

* Posterior frontal surface of the vertebral body, the center of vhich is formed by the 
impression of the spinal cord. 

t These instruments were designed by the author and constructed by Mr. A. P. 
Freund of the Phj'siology and Pharmacology Shop of the University. 
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same vertebrae has shifted to the opposite side. The^'^ connect one lateral 
curve, convex to one side, vith another lateral curve, convex to the op- 
posite side. Thus thej'' represent a transitional zone in the course of 
changing curves. 

3. Wedge-slm'ped vertebrae are those whose most striking feature is the 
diminishing of the height of the vertebral bod}^ on one side as though the 
vertebra had collapsed on one side, leaving the impression of a wedge. 
Wedging is the tj^pical trait of the pathological scoliotic vertebrae in the 
center of the curve. Wedge-shaped vertebrae often are also rhombic to 
some extent, a phenomenon ivhich has an important bearing on the 
development of scoliosis. 

4. The angles represent the relationship between the sagittal plane 
and the frontal plane of the body. The perfectl}’- normal spinous processes 
are in the sagittal plane, forming an angle of 90 degrees with the posterior 
surface of the vertebral body. The normal transverse processes of the 
middle thoracic region form an angle of 45 degrees with the posterior sur- 
face of the vertebral bod}^. The noi'mal inferior articular processes of the 
lumbar vertebrae form an angle of about 55 degrees with the posterior 
surface of the vertebral bod 3 ^ 

5. The elongation is the lengthening of the upper surface of the right 
or left sides of the vertebral bodj'^; mechanicallj^ it is identical with the 
rhombic deformation. The rhombic deformation consists of the shifting 
of the entire upper surface of the vertebral bodj’', while the elongation is 
the pulling out of onl}'’ one side of the upper surface. 

POSTNAT.A.L DEVELOPMENT OF THE VERTEBRAE 

Skeleton of Normal Six-Year-Old Child 

■ At the age of six, the alignment of the spine was found peifectlj 
straight; the phj^siological sagittal curves were complete^'' developec. 
The vertebral bodies showed in all segments sj^metric conditions. 
height of the vertebral bodies was roughl}'’ the same on both sides, an 
there was no difference in the length of the upper surfaces of the vei te i a 
bodies between the two sides. The asj'^mmetric development of the pe i 
eles in both dimensions had alreadj'^ started in Segment III. 

The spinous processes were found exactl}’’ in the sagittal plane o 
vertebral bodies, forming an angle of 90 degrees. The average va ue^^ 
the angle formed bj'' the transverse processes in Segment I was 44 egi e , 
just 1 degree below the average found in adults. In Segment II t le 
value of the angle formed bj’" the transverse processes was 45 
transverse processes were perfectlj'’ S3'’mmetric on both sides, n ^ 
ment III the angle formed b 3 '’ the transverse processes was 29 egiee 
the right side and 28 degrees on the left. 

Skeleton of Severely Deformed Scoliotic Child 

Examination of the other standard t 3 ’’pe severe habitual 
— showed the curves in the upper thoracic and lumbai segmen s 
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to the left; in tlie lower thoracic segment the curve was convex to the 
right (Fig. 2). 

Eveiy true scoliotic spine is composed of three kinds of vertebrae: 
locdge-shapcd, rhombic (lozenge-shaped or transitional) , and neutral. The 
wedging plaj’^s the chief role in the production of the lateral curve, and is 
regarded as the principal feature of this deformation. In the opinion of 
the author, the pathological scoliotic deformation begins with the forma- 
tion of lozenge-shaped vertebrae (prescoliotic s'age), and the lateral 
wedging follows later. This can easib’" be demonstrated in the further 
development of pathological curves. The lozenge-shaped vertebrae con- 
nect one curve vith the other, and the3'- are the vertebrae which become 
involved in the scoliotic proc- 


ess while the deformation 
progresses. Later on, the 
newh' involved lozenge- 
shaped vertebrae tilt and 
graduallj" become wedge- 
shaped. Therefore, in an}" 
scoliosis, except perhaps in 
the case of the most wedge- 
shaped vertebrae, the origi- 
nal rhombic character al- 
wa3"S can be deduced from 
the marked oblique course of 
the bone lamellae. The sco- 
liotic curves are generalb" 
regarded as lateral curves. 
This seems to be a mistake to 
some extent. There is no 
pure lateral curve in pathologi- 
cal scoliosis. Perfect lateral 
curves are found in the rare 
cases of contracture of the 
spine, especiallj" follovdng in- 
fantile paralj^sis. The path- 
ological scoliotic curves are 
not lateral curves, but take 
place between frontal and 
sagittal planes; thej" collapse 
in the oblique plane, repre- 
senting a diagonal deforma- 
tion of the spine. 

Another important point 
in pathological scoliosis is the 
behavior of the phj'siological 
sagittal curves. The com- 



Fig. 2 

Spine of a scoliotic indi\ndual, showing collapse 
in the diagonal plane. The thoracic kyphosis has 
disappeared, and the lumbar lordosis has increased, 
due, in part, to subluxation of the articular proc- 
esses. klany of the vertebrae have preserved their 
original rhombic (lozenge-shaped) form. 
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plete disappearance of the thoracic kyphosis and its replacement by 
lordosis (Fig. 2) are commonly observed. On the other hand, the lumbar 
lordosis, which, at the beginning of the process, especialty in the “habit- 
ual” cases, frequently diminishes or disappears, becomes very often more 
marked in the course of the deformation, than in normal individuals. 

The neural arches can resist the deforming forces much longer than 
the vertebral body, the latter being the first to be affected by the force of 
gravitation as well as bj'- the pathological process leading to the deformity. 
That is whj^ the spinous and transverse processes not onl}'- slowly follow 



Fig. 3 

Lozenge-shaped (transitional) vertebrae of a scoliotic 
spine. There is marked elongation to the right. The 
arches are definitely in the concavity of the curve, while 
the body has penetrated into the convexity. 


the course of deformation but remain definitely in the concavity throiighoxd 
life (Fig. 3). That is also why the vertebrae give the impression of rota- 
tion or toi'sion. In the author's opinion, there is veiq'’ little true rotation 
of the thoracic vertebrae, even in pathological scoliosis; there is, rather, 
the delusion of rotation. The impression of rotation seems to be due sim- 
ply to the fact that the bodies of the vertebrae have deviated to a much 
greater extent than have the neural arches. The resistance of the arches 
accounts also for the fact that the scoliotic deformation appears surpus- 
ingly less marked when the spinous processes are seen from the real than 
when the vertebral bodies are vierved from the front. Especially ^ 
most important segment, Segment II, the deviation of the spinous processes 
was definitely opposite to that of the curve. The transverse piocesses 
showed a great conformity in amount of, as well as in direction of, 1^ 
deviation of the spinous processes. The pedicles Irehaved in all o 
segments as the 3 " do in physiological scoliosis. ^ i - 

The deformation of the ribs seems to plaj"^ but a minor role in p i)®'® 
logical scoliosis ; therefore, the discussion of this point is omitted here. 


Skeletons of Twenty Normal Adults 

In the twenty normal skeletons examined, there were no 
qualitative differences either between the age groups or between t le 
It was noted that the amount of the lateral curves, the as} mm 
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changes, and the osteoph.yte production increased with advancing age, al- 
though this seemed to be less marked in some instances than might have 
been expected. 

Lateral Curves: In 80 per cent, of the specimens, the lateral curves 
were convex to the left in Segments I and III and to the right in Segment 
II. The number of vertebrae involved varied greatl}^ in each specimen 
and in each curve, as compared with the others, and so did the amount of 
the curves. In some instances, veiy small lumbar curves were followed by 
sharp low-thoracic curves; in others the high-thoracic curve seemed to be 
effaced as compared vath the other curves of the same specimen and TOth 
those of other specimens. In a few instances, onl}”^ one long, sharp, low- 
thoracic curve was definitel}'' present, Avhile the lumbar and high-thoracic 
curves were onlj-^ very slightl 3 '- suggested. In the author’s opinion, the 
percentage evaluation should be omitted, as the small series of onlj'- 
twent 3 ’^ specimens does not give sufficient e^ddence. In 20 per cent, of the 
specimens, an inversion of the lateral curves occurred. In these the lum- 
bar and high-thoracic curves were convex to the right and the low-thoracic 
curve was convex to the left. 

Elongation: Both the upper and the lower surfaces of the vertebral 
bodies became longer, pulled out on one side (Figs. 4-A, 4-B, and 4-C). 
In each specimen onl 3 " a few vertebrae — most frequently in the high- 
thoracic and low-lumbar regions — failed to show this as 3 ’-mmetry. Gen- 
erall 3 ’’, in the high-thoracic segment the vertebral bodies became elongated 
on the left side; in the low-thoracic segment, on the right side; and in the 
lumbar segment, on the left side. Exceptions to this rule were found in 
vertebrae belonging to spines which showed reverse curves (20 per cent, of 
the specimens). 

Lateral Wedging: The further as 3 ^mmetr 3 >- consisted of the differences 
in height of the vertebrae between the right and left sides. This phenom- 
enon, called “lateral wedging”, revealed a veiy peculiar feature. In 
Segment I, none of the specimens showed vertebrae which were higher on 
the right side. In Segment II, onl 3 '^ 15 per cent, of the vertebrae revealed 
a higher right side; 25 per cent, were higher on the left side; and 60 per 
cent, were level. In Segment III, 15 per cent, of the vertebrae were 
higher on the leftside; 50 per cent. Avere higher on the right side; and 35 per 
cent, were IcA^el. 

It AA'as striking that in the most important segment. Segment II, more 
than half of the A^ertebrae shoAA^ed no AA'^edging; furthermore, almost tAA'ice 
as man3^ of the A^ertebrae shoAA'ed a greater height on the left side than on 
the right. This means that, in consideration of the fact that Segment II 
shoAA’ed in 80 per cent, of the A’^ertebrae a lateral cuiwe conA’cx to the right, 
in ph 3 "siological scoliosis the wedging has hut little to do ivith the lateral eurve; 
otherAAise, in 80 per cent, of the A’ertebrae the height of the vertebrae 
should haA'e been found greater on the right side. 

The contrasting behaA'ior of the side of AA-edging and elongation on 
the one hand and the corresponding behaA’ior of the .side of elongation and 
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convexity of the curve on the other clearly demonstrate that in physiologi- 
cal scoliosis the lateral curve is more intimately related to the elongation than 
to the wedging, which is essentially opposite in the case of pathological 
scoliosis. As already pointed out, the chief feature of pathological 
scoliosis is that the height of the vertebral body on the convexit}^ of the 
curve always exceeds that on the concavit}'-, being exclusively responsible 

for the side to which the 
curve points. 

Pedicles: None of 
the parts of the vertebra 
disclosed the as5'^mmet- 
lic postnatal develop- 
ment to such an extent 
as did the pedicles (Fig 
5). The asymmetiy 
can be noticed at the 
age of six, as already 
mentioned. The pedi- 
cle is the most sensitive 
segment of the veitebia, 
connecting as it does the 
vertebral body vdth the 
neural arch. Thus the 
pedicles, thin and rela- 
tively long, readily give 
evidence of the distort- 



Adolt 


Fig 4-A 



Adult 


Fig. 4-B 
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Child 



Adult 

Fig. 4-C 


Vertebrae of a normal six-year-old child compared with those of a normal adult. 

Fig. 4-A: Lumbar segment; elongation to left in adult. 

Fig. 4-B: Lower thoracic segment; elongation to right in adult. 

Fig. 4-C: "Upper thoracic segment; elongation to left in adult. 

ing forces. They become as3'mmetric earlier than the bulky vertebral 
bodies or the resistant neural arches. None of the pedicles were found 
mthout asymmetiy after the age of six. Either their length or their 
width, but in most instances both, showed the phj'^siological deformation. 
The variation in the length of the pedicles showed a greater regularity 
than that in their width. In most instances the vddth of the pedicles was 
in inverse relation to their length: thej'^ were long and thin or short and 
broad. 

Spinous Processes: In Segment I the spinous processes deviated to 
the right side in the majority of the specimens; in Segment II the}'’ pointed 
to the left; and in Segment III thej'^ general!}^ deviated to the right. The 
deviation of the spmous processes was frequentty twofold; their roots 
pointed to one side, while their extremities pointed to the other side, or 
formed an angle of 90 degrees. 

Transverse Processes: The behavior of the transverse processes dif- 
fered great!}' from that of the spinous processes. In Segment I they gen- 
erally deviated to the left; in Segment II half pointed to the right and the 
other half to the left; and in Segment III the great majority deviated to 
the left. 

An almost complete conformity was found between the behavior of 
the transverse processes and that of the inferior articular processes. 

As to the angles between the transverse processes and the posterior 
surface of the vertebral body, in Segment I they amounted to 45 degrees 
at the age of six, and from then on they showed a marked regression to the 
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Fig. 5 

Physiological deformation of the articular, spinous, and transverse processes 
and of the pedicles in a normal adult (lower row) as compaied mth similai 
deformity in a child with scoliosis (top). 

-I 

mean value of 40 degrees in adults. In Segment II the 45-degree angle 
the age of six seemed to be maintained throughout life. In Segment I 
the 28-degree angle at the age of six diminished to 26 degrees in the adult 
The diminishment of the angles of the transverse processes was certain! 
caused the development of ph 3 "siological lordosis. 

Ribs: The ribs were apparentl}’' of nearer the same shape and had tli 
same angular value on both sides, in spite of the sometimes marked lateu 
curA’^es of the spine. 


COMMENT 

The question arose AA'hether or not the findings Avere due to: (1) th 
normal Amriation of the spine or (2) the normal postnatal development 
As to the former, such a regularity of Amriation Avas found in all of the sped 
mens e.xamined, that it seemed obAuous that a Amriation occurring alvaj 
in the same or almost in the same AA'aj”^ is no mei'e oscillation around a nor 
mal tAqje, but it represents the normal features of the organ. As ar a^ 
the question of the postnatal deA'^elopment determined by 
concerned, the fact that the Amrtebrae deAmlop from s 3 fmmetric ossi 
centers must be taken into account. There is no reason at all to a... 
that the tAA'o hah^es may deA’^elop in postnatal life in such a peculiar 
metric manner. The A^ertebrae of the six-year-old child, althoug i 
pletelj^ deA^eloped, AA'ere almost perfecth'^ symmetric. The os eoj) 
production, intimately connected AAoth the asjmimetric a=' 

A'ertebrae, as AA'ill be demonstrated later, is the best argument or 
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TABLE I 


Mean ■\'’altjes of VEUTEBnAL Bodies and Pedicles (in Millimeters) 
Computed from Twenty Diagrams 



'\''ertebral Body | 

Pedicles 

Spinal 

Segment 

Height 
(Wedging) 
liighl Left ! 

1 

Length ! 

(Elongation) 
Right Left 

Length 

Right Left 

Width 

Right Left 

I 

17 S 

18 0 

21 8 

22 7 

11 0 

9 6 

6 0 

5 6 

II 

21 7 

21 g 

32 0 

30 0 

13 3 

12 6 

6 5 

6 3 

III j 

25.5 

26 0 

32 3 

32 4 

10 5 

1 

■9 7 

lb 0 

! 

11 2 


sumption that the ■postnatal regular asymmetric development of the human 
spine is due to some powerful, automatic function which becomes established 
just prior to the age of six. The question of whether or not the phenome- 
non could be regarded as the consequence of the asymmetric course of the 
aorta which flattens the vertebrae on one side must be considered also. 
The beginning of the descending portion of the aorta is the lower border of 
the fourth thoracic vertebra, somewhat to the left. Its termination is in 
the mid-line of the lower border of the twelfth thoracic vertebra. How- 
ever, the changes in the vertebral bodies concern the entire spinal column. 
The upper thoracic region, as well as the lumbar region, reveals the most 
impressive asymmetric changes just where the descending aorta is in no 
relation to the spine (upper thoracic and lumbar vertebrae) or has already 
reached the mid-line of the spine (lower thoracic vertebrae). Thus, 
physiological scoliosis is a postnatal development, due neither to the regular 
variation of the normal, nor to the innate formative energy of the cells. 


TABLE II 

Mean Values of Angles (in Degrees) 
Co.MPUTED from Twenty Diagra.ms 



Angles 

Spinal 

Segment 

Spinous Processes 
and 

t^ertebral Bod}" 
Right Left 

Transverse Processes 
and 

Vertebral Body 
Right Left 

1 

Articular Processes 
and 

Vertebral Bodj" 
Right Left 


88 0 

92 0 

40.5 

38 5 

1 


91 0 

89 0 

45.0 

42.0 

! 


90 0 

90 0 

f 26 0 

26.0 

5.5 . 0 53.0 
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7wr to the ’proximity cf 
aixother organ, such as 
the descending aorta, but 
is caused by a function 
continuously at worh. 

The author reviewed 
about one hundred spines, 
and none of them were 
without a more or less 
marked lateral curve. 

Thus there seems to be 
no doubt about the sig- 
nificance of the asym- 
metric development of 
the vertebrae. Most of 
the asymmetric changes 
discussed follow a rule, 
are intimately connected 
vdth one another, and 
represent nothing but 
the physiological lateral 
curve of the spine, — that 
is, they are features of 
the same phenomenon 
of physiological scoliosis. 

The curves themselves showed marked differences in degree, as well as 
in course. As will be demonstrated, the human gait as the cause of 
physiological scoliosis plays a definite part. Thus the asymmetric fea- 
tures of the spine are influenced by special etiological factors. Most of 
the curves were multiple. The most important finding was that in each 
specimen the functional Segment II was involved in the formation of the 
curves. 

On the basis of the investigation, the characteristic features of 
physiological scoliosis were found to pertain to the follovdng: (1) the lateral 
curve; (2) elongation of the vertebrae; (3) the spinous processes; (4) the 
physiological sagittal curves; and (5) the ribs. 

Lateral Curve 

From the rear, the lateral curve appears much less marked than from 
the front (Figs. 6-A, 6-B, and 6-C). That is why some of the well-known 
investigators, such as Lorenz, denied for a long time the existence of 
physiological scoliosis. 

Elongation 

Elongation is the most striking asjmimetric feature of normal verte- 
brae, and there is no doubt whatsoever that phj^siological scolio'^is is 
chiefly due to elongation (Table I). 



Fig. 6-C 


Specimen 12. Lumbar curve to left; lower thoracic 
curve to right (fourth to twelfth thoracic) ; upper tho- 
racic curve to left. 
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In Segment II, the elongation was on the right side in 80 per cent, 
of the specimens. In only 20 per cent., was the elongation on the left. 
In the latter the Inmbar curve and a slight high-thoracic curve pointed to 
the right. In 10 per cent., the low-thoracic segment formed the lower end 
of the high-thoracic curve, which pointed to the left. It should be 
stressed that, except for the specimens with inverted curves, in all specimens 
the low thoracic vertebrae showed an elongation to the right. 

Mechanically, the dorsoventral elongation is the gliding of the spine 
toward the side of the elongation anterolaterally, establishing the physio- 



Fig. 7 

Seventh, eighth, ninth, and tenth thoracic vertebrae of normal adult, showing 
elongation to right with deviation of the spinous processes to left as continua- 
tion of elongation toward the back. Note diagonal character of physiological 
scoliosis as well as osteophytes on the side of elongation. 


logical scoliotic curve ; morphologically, the dorsoventral elongation is t le 
gliding of the spine in the diagonal plane. The vertebrae with marke 
elongation are, Avithout exception, rhombic in shape; thus physiologica 
scoliosis is built tip exclusively of lozenge-shaped vertebrae. The elonga 
tion in the diagonal plane is a true scoliotic phenomenon and cannot 
compensated for except by means of another curve vdth opposite con 
Yexitj. 

The physiological scoliosis formed by lozenge-shaped vertebrae rej^^ 
resents the prescoliotic stage. The lozenge-shaped A’^ertebiae o a 
scoliotic spine shoAV the same elongation which Avas found to be le 
portant feature in physiological scoliosis (Figs. 4-C, 6-A, 6-B an 
In the latter, hoAveA’^er, no Avedging occurs, as the normal spine is c ei 
those pathological conditions Avhich eventually bring about the co 
the A’ertebrae. The latter AAdll be described in detail in a or ic 

stud3^ on'tb*^ 

In pathological scoliosis the lozenge-shaped A^ertebiae co 
side opposite the original elongation. In physiological sco losis, 
of curA'e and of graAutation, no collapse occurs. The spine 

“prescoliotic” throughout life. _ ciin-e, but 

The elongation not only occurs in the coiwexity o ic 
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forms it. The anterolateral elongation demonstrates the way in which 
the spine has moved into the diagonal plane, forming the convexity of 
the curve. It is of great significance that this motion did not take place 
in the articulations of the articular processes, but was brought about by 
the formation of lozenge-shaped vertebrae. The articular processes did 
not show signs of articular motion. This is an important feature of the 
prescoliotic stage. 

Sprnoiis Processes 

The spinous processes in the majority of the specimens were found 
pointing to the right in Segment I, to the left in Segment II, and to the 
right in Segment III. Since the vertebral bodies were longer on the left in 
Segment I, on the right in Segment II, and on the left in Segment III, the 
direction of elongation was generally opposite the direction of the spinous 
processes. Thus the spinous processes form the continuation of the 
elongation posterolaterally, establishing the diagonal character of the 
scoliotic deformation (Fig. 7). The deviation of the spinous processes 
is not due to wedging, even in true scoliosis; actually it is part of the origi- 
nal diagonal elongation forming the backward continuation of the length- 
ened vertebral body. 

Physiological Sagittal Curves 

The diminishing or disappearance of the kyphotic curve of the 
thoracic .spine and the final increase in the lumbar lordosis comprise one of 
the chief signs of pathological scoliosis. Physiological scoliosis never 
shows this sign. The physiological sagittal curves are preserved in 
physiological scoliosis throughout life. 

Ribs 

Another important point is the difference in the behavior of the ribs. 
In spite of marked multiple lateral curves, the ribs showed very little dif- 
ference between the two sides. This is a surprising fact, as one would 
have expected a deformation of the ribs consistent with the scoliotic curve. 



Fig. S-.A. Fig. S-B 

Osteophj’tes start from the ring-like bonj' rim of the vertebral body as a 
continuation of the elongation. 

Fig. 8-A: Photograph. Fig. S-B: Roentgenogram. 
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As the wedging plays but a subordinate role in physiological scoliosis, 
the deformation of the ribs in true scoliosis must be chiefly bound up with 
the wedging of the vertebrae and with the process that caused it. Wedg- 
ing and rib deformation, diagonal collapse of the spine, and prominence 
of the back in any position of the trunk seem to be correlated and subject 
to the same law. Since the wedging is brought about by that pathologi- 
cal condition which led to the collapse, by finding out the main cause of 
wedging, the chief pathological and mechanical factors of the pathological 
scoliotic deformation can be reached, as will be demonstrated in further 
papers. 

OSTEOPHYTES 

The first signs of osteophyte production could be detected at about 
the age of thirty years. Without exception, the osteophyte production 
started at the ventral edge of the elongation and spread out from there, 
sometimes extending over the entire circumference of the vertebra in ad- 
vanced age (Figs. 7, 8-A, and 8-B). The osteophytes changed their site in 
accordance Avith the change of site of the elongation. As the elongation 
was to the left in Segments I and III and to the right in Segment 11, the 
osteophytes Avere situated on the left side in Segments I and III and on the 
right ventral border of the Amrtebrae in Segment II. They ahA'^ays arose 
from the ring-like bony rim of the circumference of the vertebrae and did 
not start from the body as Schmorl claimed. Osteophyte production and 
elongation are due to the same mechanical manoeuvre, — namely, the 
gliding of the vertebrae on each other in the diagonal plane (Figs. 8-A and 
8-B). The friction of the Amrtebrae against each other should be blamed 
for the osteophyte production AAdiich is a regular by-product of physiological 
scoliosis. 



Marked lateral curves of spine during gait taken by moving pictu . 
tion of spine to side, depending upon the side of the swinging i g- 
Figs, 10 and 11.) , 

Seven-year-old child examined on treadmill. to left- 

Lefl: Right leg swinging; lumbar spine curved to right, thora P 
Center: Double support, spine straight. „ thnr>ieic spine 

Right: Left leg SAvinging; lumbar spine slightly curved to lef , 
to right. 
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HUMAN GAIT AS CAUSE OF PHYSIOLOGICAL SCOLIOSIS 

In order to find tlie reason for physiological scoliosis the following 
points should be taken into account: 

1. All investigators agree that physiological scoliosis cannot be 
demonstrated prior to the age of six 3 '-ears. This means that the function 
which has provoked this phenomenon becomes established just before this 
age. 

2. As no ph 3 ^siological scoliosis could be observed in animals, this 
condition is bound up with the erect position. 

3. In situs inversus viscerum, the course of the scoliotic spine has 
been found opposite that of normal persons (Gaupp). Thus physiological 
scoliosis is intimately connected Avith the unequal distribution of the 
Aveight betAveen the right and left sides of the body. 

4. Physiological scoliosis becomes more marked AAuth adA^ancing 
years. Thus it is connected AAuth a function Avhich is continuously at 
AAmrk in the same manner throughout life. 

5. Physiological scoliosis is a diagonal deformity of the spine, as is 
also pathological scoliosis. This means that the function leading to it 
must exert a deforming poAver in the diagonal plane of the body. 

6. In the present investigation, no normal adult spine AA’-as found 
AA'ithout a more or less marked scoliotic inclination. This statement implies 
the existence of an automatic function, but, as the resulting change is of 
asymmetric nature, the underlying function must be partly of asymmetric 
nature. 

7. As no tAvo spines Avere found with identical lateral curves, the 
function leading to the phenomenon is assumed to have marked indiAud- 
ual features AAithin a general laAv. 

The only function which meets all of these requirements and is powerful 
enough to deform such a resistant system as the spinal column is the human 
gait. The gait becomes established in its perfect automatic manner at 
about the age of fiA^e years AAdien the cerebellum “attains its full size” and 
exercises full control of the erect position (Gesell). The human gait is 
bound up Avith the erect position ; it is highly influenced in its symmetry 
by the unequal distribution of the AA^eight of the organs on the right and 
left sides; it is automatic; it takes place in most phases in the diagonal 
plane; it is highly indiAudual; and, finally, it is poAA^erful enough to change 
the symmetry of spine and vertebrae. 

The iiiA'^estigation of the behaAuor of the spine during gait consisted of 
the iuA^aluable gait coordinates of Otto Fischer, and of obserAmtions of sca"- 
eral indiAddiials made by the author by means of moAung pictures. 

The human gait consists of phases of lost and regained equilibrium. 
According to Steindler, “locomotion is a rhythmic pla 3 ’' of muscle forces 
betAA'een loss and recoA'ery of equilibrium”. The three phases of human 
gait are: (1) standing; (2) SAA'inging; and (3) a small period (double sup- 
port) betAveen the other tAVo phases Avhen both feet are on the ground. 
During the entire procedure the center of graA'it 3 ’- rises and descend.^, and 
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As the wedging plays Init a subordinate role in physiological scoliosis, 
the deformation of the ribs in true scoliosis must be chiefly bound up with 
the wedging of the vertebrae and with the jwocess that caused it. Wedg- 
ing and rib deformation, diagonal collapse of the spine, and ])roniinence 
of the back in any po.silion of the trunk seem to be correlated and subject 
to the same law. Since the wedging is brought about by that pathologi- 
cal condition which led to the collap.se, by finding out the main cause of 
wedging, the chief pathological and mechanical factors of the pathological 
scoliotic deformation can bo reached, as will be demonstrated in further 
papers. 


osTi:opiiYTi:s 

The first signs of osteoi)h3’’tc jjroduelion could be detected at about 
the age of thirtj’’ ^mars. Without exccjilion, the osteophjde production 
started at the ventral edge of the elongation and spread out from there, 
sometimes extending ovc'r the entire circumference of the vertebra in ad- 
vanced age (Figs. 7 , S-A, and S-B). The ostcophjdes changed their site in 
accordance with the change of site of the elongation. As the elongation 
was to the left in Segments I and III and to the right in Segment II, the 
o.stpoph3dos were situated on the left .side in Segments I and III and on the 
right ventral border of the vertebrae in Segment II. Thc3'^ alwa3's arose 
from the ring-like bon3' rim of the circumference of the vertebrae and did 
not start from the bod 3 '’ as Schmorl claimed. Osteoph3de production and 
elongation are due to the same mechanical manoeuvre, — namely, the 
gliding of the vertebrae on each other in the diagonal ])lane (Figs. S-A and 
8 -B). The friction of the vertebrae against each other should be blainec 
for the osteoph3Te production which is a regular b3'’-product of ph3'’siologica 
scolio.sis. 



Marked lateral cui ves of spine during gait taken by moving pictuies. _ 
tion of spine to side, depending upon the side of the swinging g. 

Figs. 10 and 11.) , 

Seven-year-old child examined on cn,ne to left- 

Left: Right leg swinging; lumbar spine curved to right, tlio < 

Center: Double support, spine straight. , r. *i,nracic spine 

Riffht: Left leg siringing; lumbar spine slightly curved to left, tno 

to right. 
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nient from left front toward right back. Thus, roughly, there result a 
lumbar and cervical curve convex to the left and a thoracic curve convex 
to the right. Then follows a phase when both feet hit the ground at the 
same time for a very short period. In this phase of double support, the 
bodj’^ is nearly in the frontal plane. Then the right leg starts swinging 
and the same bending-rotating manoeuvre produces a spinal curve, in 
every respect opposite to the previous curves. 

Here, however, innate asymmetries intervene. The heavier right 
side with its more powerful muscles performs movements which are equal 
in form but not in scope to those performed by the left side. Fischer 
found that the pressure which the right foot exerted on the ground while 
walking exceeded by nine pounds the pre.ssure exerted by the left foot. 
An evaluation of the records of Plato Schwartz showed that the pressure 
of the right foot exceeded that of the left by about 2 per cent. Standing 
on two scales at the same time showed roughly from 5 to 25 per cent. 
, higher pressure in favor of the right side. Thus the kinetic energy must 
sharpen the curves of the spine on one side of the body more than on the 
other side. It should be stressed that the formation of the most regular 
of the lateral curves — namely, that in Segment II — is essentially facili- 
tated by the constant pull of the heart. The heart, like a hanging weight, 
moves the spine to the right side; it helps to establish and to maintain the 
deviation. 

During the author’s observations, for the purpose of moving pictures. 



Fig. 11 

Habitual scoliosis. 

Left: Double support; lumbar curve to left, thoracic curve to right. 
Center: Left leg swinging; scoliotic curves markedlj’ increased. 
Right: Right leg swinging; scoliotic curves markedly diminished. 
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Fig. 10 

Norin/il woinnii. 

icR.- Left leg swinging; Ininhar spine curved to left, thoracic spine to right. 

Center: Double supjiort; straight spine. 

Right: Right leg swinging; slight lumliar cur\’c to right, long Inmbothoracic 
curve to left. 

tends to come a.s close as possible to the sagittal jilanc to prevent falling 
toward the side of the standing leg. 

The evaluation of the coordinate.s of Fischer shows that the trunk is 
involved in highly comjilicated manoeuvres, consisting of rotation of the 
pelvis in one direction, rotation of the trunk and shoulder-girdle in the 
opposite direction, and the tendency to kcej) the head and ej^es in the 
horizontal plane. 

While the left leg swings, the pelvis Irccomcs elevated on the left side, 
the palpating fingers feel the contraction of the sacrospinal muscles on the 
left side, and .simultaneously (he lumbar or Inmbothoracic segment de- 
scribes a curve convex to the left. At the same time the left edge of the 
pelvis rotates forward. The trunk is now in danger of bending and 
eventually of falling down to the right side. To prevent this, the right 
shoulder rotates forward, the lowered left shoulder rotates Irackwaid, an 
the trunk tries to bend over to the left side in order to bring the veig i 
above the sagittal plane. This double manoeuvre — the rotation of t le 
shoulders and the bending of the trunlc — jrroduces the second curve o i 
spine, a thoracic curve convex to the right. Then the head bends o^ ei 
the right, producing a thoracocerAucal curve convex to the left. 

All these manoeuvres are not brought about in the frontal plane, 
entire supracoxal part of the body is in the diagonal plane, pointing m 
lumbar segment from left front toward right back, in the lower t _ 
segment from right front toward left back, and in the upper thoracic 
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phj^siological and true scoliosis are as follows: In physiological scoliosis 
the physiological sagittal curves never disappear, and, furthermore, in 
none of the specimens examined were all of the bone elements of the same 
A’ertebra concerned at the same time; in true scoliosis all of the parts of 
tlie vertebra are more or less deformed. 

5. The osteophyte production always starts at the ventral edge of 
the dorsoventral elongation. 

6. In physiological scoliosis, as well as in pathological scoliosis, the 
deformation of the spine takes place in the diagonal plane, never in the 
e.xact frontal plane. 

7. The cause of physiological scoliosis is the human gait, which 
forces the spine into a threefold curve, alternately changing at every step. 
However, the innate normal asymmetries of the human body eventually 
establish permanent lateral curves of the spine, showing marked individual 
variations within the general law. 

The author wishes to express liis gratitude to Dr. E. M. MacEwen, Head of the De- 
partment of Anatom 5 ’’ of the State University of Iowa; to Dr. E. W. Sheldrup for his kind 
permission to use the material; to Dr. Helen L. Dawson for verifying the normality and 
ages of the specimens; and to Dr. L. Sheplan for his assistance. 
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AN ANALYTICAL STUDY OF BONE AND JOINT LESIONS IN 
RELATION TO CHRONIC PULMONARY TUBERCULOSIS 


BY KSTHEH nOSENCBANTZ, M.D., ANGELA PISCITELLI, M.D., AND 
FREDERICK C. HOST, M.D., SAN FRANCISCO, CALIFORNIA 

From the Department of Medicine and Orthopaedic Surgery, University of California Medical 
School, and the University of California Tuberculosis Service of the San Francisco Hospital, 
San Frajicisco Department of Public Health 

In this paper a study has bpoii made of tiic tubercuioiis orthopaedic 
patients who entered the San Francisco Hospital in the Tuberculosis 
Service of the University of California from January 1920 to July 1935. 

It is difficult to obtain a clear concept of the outcome of tuberculous 
bone and joint disease unless a complete analysis is made of a series of 
cases extending over a number of years. The high mortality which the 
authors encountered in a general tuberculosis hospital was so at variance 
with reports of the usual outcome of this form of tuberculosis, that it 
was thought of sufficient importance to analyze the cases. 

Many'' studios of the end results have been reported in the literature, 
but these in greater part were based upon series of cases which were 
selected for conservative or surgical treatment, or a combination treat- 
ment. The low mortality' and the apparently' numerous successful re- 
sults reported in these jiapers lead to the conclusion that bone and joint 
tuberculosis is particularly amenable to treatment. 

Other studies, however, especially' those of Cleveland', deal with t le 
problem viewed in a broader manner. His findings show that the disease 
is serious, successful results arc fewer, and the mortality' is high- s is 
so well emphasized by Cleveland, the authors also feel that this a er 
type of survey, by not excluding any cases whatsoever, presents a muc i 
more typical cross section of the results of tuberculous joint in ec ion- 
Admittedly, series such as these may overemphasize the poor 
since they include many patients who were in the terminal stage o a^^ 
advanced pulmonary tuberculosis, but, even so, the authois t m 
all-inclusive survey gives the more accurate picture of tubeicu ous jo 
disease. _ ^ 

Though constantly requiring re-emphasis, it is well 
tuberculous bone and joint infection is usually secondary to some 
tuberculous focus. The treatment of joint disease cannot be 
independently of the treatment of the general infection. x^j^j'o 2 is 

the study of a large group of tuberculous patients with all mani ^ 
of the disease, many pertinent facts which might be oyerloo m 
study of a selected series should come to light. Details t us 
may be advantageously applied to the treatment of joint disease ^ 
purpose of lowering mortality rates and increasing the nuro er 
end results. 
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METHODS OF ANALYSIS 

Cleveland’s article appeared in the literature at the time these 
data were being collected. The authors are in accord with his proposal 
that a uniform classification of types or degrees of tuberculous disease is 
necessary for a basis of comparison in an end-result study. While an 
attempt has been made to follow his general plan rather than to use his 
classification, this series has been analyzed with especial reference to 
pulmonary disease, and the standard classification of the National 
Tuberculosis Association has been used. 

DIAGNOSIS 

The San Francisco Hospital is a municipal institution which admits 
all patients upon whom either a positive or tentative diagnosis of tuber- 
culosis has been made. In most of the cases studied, the diagnosis was 
proved through confirmation in the laboratory and often by postmortem 
examination. For those whom it was not possible to reexamine there 
were sufficient data to classify the end results for this study. 

Diagnosis, especially if the lungs were involved, was fairly obvious 
in advanced cases, but in the early cases it was often difficult or uncer- 
tain. Usually the diagnosis was made upon clinical, roentgenographic, 
and laboratory findings. Wherever possible, however, the diagnosis was 
substantiated by bacteriological examination, guinea-pig inoculation, 
and at autopsy. 


TREATMENT 

The program of treatment placed primary emphasis upon the sys- 
temic tuberculous infection, and secondarily concerned itself with the 
specific focal disease. The general regimen consisted of bed rest in the 


TABLE I 

Number and Percentages of Lesions in Patients with 
Tuberculous Bone and Joint Disease 



Total 

Total 


Survivors 


Non-Survivors 

Classification 

Patients 

1 

Lesions 

Patients 

i 

Lesions 

' Patients 

Lesions 


No. 

Per 

Cent. 

1 

1 No. 

t 

Per 

Cent. 

No. 

Per 

Cent. 

No. 

Per 

Cent. 

No. 

Per 

Cent. 

No. 

Per 

Cent. 

Non-pulmonary. . 

42 

26 3 

1 

53i 

26 1 

26 

31 3 

29 

1 

28 1 

16, 


24 

24 

Minimal 

33 

20 6 

45 

22.2 

23 

27.7 

35 




10 


Moderately ad- 
vanced 

25 

15 6 

28 

13 8 

14 

16 9 

15 

14 6 

11 

14 3 

13 

13 

Far advanced. . . 

60 

37.5 

77 

37 9 


24 1 

24 

23 3 

■ 

51 9 

53 

53 

Totals 

i 





j S3 




77 
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TABLE ir 


Regional Distuibdtion o?' Bone and Joint Tuberculosis in IGO Patients 


Location 

No. 


Spine 

G7 

33.0 

Hip 

30 

14.8 

Fingers, toes, and long hones 

22 

10.8 

Knee 

17 

8.4 

Sacro-iliac 

15 

7.5 

Sternum 

8 

3.9 

Elbow 

8 

3.9 

Ribs 

7 

3.4 

Shoulder 

7 

3.4 

Ankle 

G 

2.9 

Wrist 

4 

2.0 

Tarsus 

4 

2.0 

Irregular bones, ilium, sacrum, mandible 

5 

2.5 

Tendon, bnr.sae 

3 

1.5 




Total 

203 

100.0 



— 


open air, Rollier or liglit tlierapy, higli-caloric diet, and some form of 
cod-liver oil. 

Surgical procedures were only employed after a long period of con- 
servative treatment. During this time, the usual orthopaedic measures 
of deformity prevention or correction, and joint immobilization were 
constantly in use. 

Surgical methods included arthrodesis, eradication of focus by am 
putation, aspiration, or incision of abscesses. The latter treatment was 
practised only when skin perforation wms imminent, or when a sinus was 
already present. _ _ ^ 

In this series the proportion of lesions treated surgically is admi e j 
small, eighty-five out of the 203 lesions, or 41.9 per cent. The reason or 
this was that some of the patients had been treated elsewhere, an a 
large number of the patients had moderately or far-advanced pu nionar 
lesions (See Table I). 


ANALYSIS 

Occurrence 

Region Affected: The number of patients ivho entered the , 
during these years was 4252; of these, 160 or 3.76 per cent, la ® 
joint disease, but many had multiple lesions, thus bringing lo i 
for statistical data up to 203. This study is based on t re 
lesions, and not on the number of patients. It is of giea in 
the 4 per cent, of bone and joint lesions in Cleveland s nnic statis- 

so closely approximated the percentage of the authors . ^ 

tical studies as rvell, it may be seen that the greatest ip^yell). 

lesions appeared in the spine and other weight-bear ing join s 
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The incidence in relation to age is based on 203 lesions, rather than 160 

patients, because of the multiple lesions counted. 

Age Incidence: The years from fifteen to thirty-five are designated as 
the period of greatest incidence of pulmonary tuberculosis. It is very 
striking, as shovm in Chart I, that these are also the years in which tuber- 
culous bone and joint lesions appear most frequently. The curve indicates 
that 164 or 81 per cent, of these lesions occurred in patients under the age 
of forty years. In many of the older patients the onset had been during 
the earlier years of life. This is an important fact and may be added 
evidence in support of the contention that this form of the disease is 
secondary to other tuberculous foci. 

Race: Race has been recorded rather than nationality. On the 
Pacific coast there are a relatively great number of inhabitants belonging 
to the yellow and mixed races, and relatively few to the black. Racial 
classification is of importance since, as is well known, these peoples (yellow, 
mixed, and negro) have very little resistance to tuberculous infection. 

Relation oj Bone and Joint Tuberculous Lesions to the Various Stages of 
Pulmonary Disease y 

The incidence of bone and joint tuberculosis in the various groups, 
following the classification of the National Tuberculosis Association is 
shown in Table I. 

In the first group of forty-two patients — those with no clinical evidence 
of pulmonary disease — there were thirty-four patients who had other mani- 
festations of tuberculosis (forty-five lesions). These associated lesions 
were either multiple bone and joint involvement, abscesses, extensive tu- 
berculosis of the genito-urinary tract, widespread tuberculosis of the skin, 
generalized tuberculous adenitis, polyorrhomenitis, and some, eventualh^ 
miliary tuberculosis. Only eight patients had no other focus of disease. 

Another important factor in this group pertains to the children. In 
the examinations of the roentgenograms of the twenty-four 3 ''Ounger 
patients it was found that although no parench}^^! lesion was discernible, 
twenty-one, or 87 per cent., .=ihowed evidence of either calcification or en- 
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TABLE III 


End Result of 203 Tubehculoos Bone and Joint Lesions in 83 SunvivoRs 

AND 77 Non-Survivors 





Le.sions in 

83 Survivors 


Lesions in 
77 Non- 
SuiA’ivors 

Location 

Total 

Le.sions 

Well 

Improved 

Unimproved 



No. 

Per 

Cent. 

No. 

Per 

Cent. 

No. 

Per 

Cent. 

No. 

Per 

Cent. 

1 

Spine 

07 

7 

10 


22 

M 

10 

38 

58 

Hip 

30 

9 

30 

4 

13 


13 

13 

44 

Fingers, toe.«, and long 
bone.s 

22 

4 

18 

3 

14 

i 

23 

10 

45 

Knee 

17 

3 

IS 


29 


12 

7 

41 

Sacro-iliac 

15 

1 

7 

iH 

2G 

1 

7 ' 

9 

60 

Sternum 

s 

0 ! 

0 

1 

12 

2 

25 

5 

63 

Elbow 

s 


25 

2 

25 

0 

0 

4 

50 

Ribs 

7 


29 

1 

14 

1 

14 

3 

43 

Shoulder 

7 


0 

1 

14 

0 

0 

6 

85 

Ankle 

G 


GO 

1 

17 

1 

17 

0 

0 

Wrist 

4 

1 

25 

0 

0 

2 

50 

1 

25 

Tarsus 

4 

1 

25 

1 

25 

0 

0 

2 

50 

Irregular bone.s 

5 

0 

0 

2 

40 

1 

20 

2 

40 

0 

Tendon, bursae 

3 

1 

33 

2 

G7‘ 

0 

0 

0 

Totals 

203 

35 

17 

42 

21 

26 

13 


49 


largemcnt of the hilum glands. It i.s pos-siblc only by frequent and care u 
examinations of the chest, including the roentgenograms, to ascertain 
pulmonary lesions associated with the joint disease; the search foi tiese 
should be unremitting since these lesions bear such a great influence upon 
the outcome of the local lesions. This applies to both the adult an 

child. ^ + 74 

In the examination of the pulmonary group, comprising a mos 
per cent, of the cases and an equal per cent, of the lesions, the 
joint complications were found to be greatest in the patients 's^at i or 
vanced disease. This is to be expected, since it is in this stage J*"’' 
greatest number of other complications occur, and is well prove 
experiences. In the minimal and moderately advanced groups, ic 
and joint lesions occur less frequently than in the far-adi ance gio > 
indicated in Table I. 


End Residts . , rertainly 

A study of Table III reveals the rather startling ana 

discouraging fact from the orthopaedic standpoint, that on y i 
or 17 per cent., of the total number of lesions aie j. cent., 

Forty-two, or 21 per cent., were improved; twenty-six, or 
unimproved; and 100, or 49 per cent., were in patien s 
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died. At first glance it would appear that this is a most unusual series 
of tuberculous joints; on the contrary, the authors feel that it is not un- 
usual since all the patients entering a large general tuberculosis hospi- 
tal have been included. 

Those who lived will first be considered, and then those who have 
died. From Table IV it may be seen that in the survivors, twenty-nine 
of the lesions were in the non-pulmonary group, thirty-five in the minimal, 
fifteen in the moderately advanced, and twenty-four in the far-advanced 
pulmonary group. The preponderance of lesions in the first two divisions 
with no or minimal lung involvement indicates that with increased pul- 
monary disease the local disease becomes more serious. This is also 
true when the outcome is considered from the standpoint of the patient 
rather than the lesion. 

In the far-advanced group it is of importance to note that each of 
the nine lesions reported as well was in a patient who had an arrested bone 
or joint lesion of many years’ duration, and it is, of course, the bone and 
joint lesions which are here recorded as being well. By “well” is meant 
that in bone the lesion has been arrested; in joint there is ankylosis, either 
with impairment or loss of motion and function. Of the other patients 
in this group, several are under treatment and others were still under 
observation for their pulmonary disease when last seen. 

Analysis of Deaths 

Death in Relation to Age: Chart II shows the mortality in relation 
to age, and clearly demonstrates the gravity of tuberculous joint disease 
in the second and third decades and in the aged. These are also the age 
periods in which pulmonary and other tuberculous diseases are most 
frequently fatal. Thus either of these manifestations of the disease is 


TABLE IV 

End Result of Bone and Joint Lesions in Relation to Lung Disease 

IN 160 Patients 


Condition of 
Local Lesion 

Total 

Non- 

Pulmonary 
(_Jf2 Patients) 

Pulmonary 
(,118 Patients) 

Minimal 
(33 Patients) 

Moderately 
Advanced 
(So Patients) 

Far 

Advanced 
(GO Patients) 

Lesions 

Per 

Cent 

Lesions 

Per 

Cent. 

Lesions 

Per 

Cent. 

Lesions 

Per 

Cent. 

Lesions 

Per 

Cent. 

Well 

35 

17 2 

9 


15 

33 3 

2 

7 2 

9 

11 7 

Improved 

42 

20 7 

16 

30 2 

12 

20 7 

7 

25 0 

7 

9 1 

Unimproved . 

26 

12 8 

4 



17 S 

G 

21 4 

8 


Lesions in Snr- 




SB 







VIVOTS. . . 


50 7 

SO 



77 S 

IS 

53 G 

34 

31 2 

Lesions in non- 











survivors 


49 3 

24 



22 2 

13 

40 4 

53 

OS 8 

Totals. . . . 

203 

100 0 

53 

100 0 

45 


28 


77 

100 0 
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The mortality in relation to age is based upon 203 lesions, rather than 160 
patients, because of the multiple lesions counted. 

often the cause of death, rather than the bone or joint lesion. This, 
however, does not detract in any way from the serious importance of 
bone and joint disease which may be present at these ages. 

Death in Relation to Race: The susceptibility of the yellow, mixed, and 
black races to tuberculosis is well known. There were in our series 
forty-nine lesions occurring in one of the above races, vdth a mortality of 
70 per cent, (based on the number of lesions). In the 154 lesions of the 
white race, the mortality was by contrast only 43 per cent. 

Death in Relation to Pulmonary Involvement: (See Table V.) 

(a) Non-pulmonary group: Sixteen patients, with twenty-four, or 45 
per cent, of the fifty-three bone and joint lesions, died. This is not unex- 
pected, particularly as they all had multiple lesions. There were twelve 
instances of tuberculosis of the spine, all of the patients having large ab- 
scesses, three of which ruptured internally and six others externally. There 
was also a high incidence of draining sinuses among the additional four 
instances of tuberculosis of the hip; three of the sacro-iliac; two of the 
sternum; and one each, of the sacrum and elbow. Additional complica- 
tions, one or more of which were present in each case, consisted of par- 
aplegia, meningitis, miliary tuberculo.sis, multiple bone and joint infection, 
genito-urinary and glandular foci, skin ulcers, and decubiti. In three 
instances death could be directlj’' attributed to postoperative shock. 

(b) Pulmonary group: Half of the patients with joint involve- 
ment plus pulmonary disease died. The stage of the lung disea.'^e had a 
veiy definite bearing on the outcome as shown in Table V, which dis- 
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closes that 22 per cent, of the minimal, 46 per cent, of the moderately ad- 
vanced, and 69 per cent, of the advanced group died. This rapidly rising 
mortality rate corresponds to the experiences rvitli lung diseases alone 
or with complications other than orthopaedic ones, and serves to empha- 
size the need for giving primary consideration to the patient rather than 
to his local disease. 

Death in Relation to Mnltiple Lesions: The seriousness of multiple 
lesions is evident. In the 160 patients, there were thirty-four who had 
multiple bone and joint involvement, making in all 77 lesions. Of these 
thirty-four patients, .seventeen, or 50 per cent., died, and the lesions in 
eight, or 23.5 per cent., were unimproved; in four, or 11.8 per cent., im- 
proved; and in five, or 14.7 per cent., well. 

Death in Relation to a Positive Sputum Es'aminalion: There has not 
been enough emphasis placed upon the existence of a positive sputum 
examination in patients who have orthopaedic lesions. The authors be- 
lieve that the presence of tubercle bacilli in the sputum is a contra-indica- 
tion to .surgical treatment. Of fifty-seven patients, with sixty-eight lesions 
and positive sputum, thirty-seven died; and the lesions in eight were un- 
improved; in eight, improved; and in only four, well. In other words, 79 
per cent, of the patients with positive sputum either died or failed to 


improve. 

Death in Relation to Existence oj a Sinus: It has long been recognize 
that a draining sinus greatly increases the hazards of tuberculous disease. 
In this seric.s, ninety-two patients had this complication, of whom fiftyi 
or fifty-four per cent. died. Of the forty-two survh’ors, thirteen patients 
had lesions \Yhich were unimproved, seventeen improved, and twelve vere 
well ; sepsis and amyloid disease Avere the cause of death in many instances. 

Death in Relation to Treatment: A discussion of methods of trea 
ment is not being ju'esented in this paper, but the cases have been 
gated into two divisions. The first consists of 118 lesions tieate 
rest and immobilization; sixty-three, or 53 per cent., were in 
died; seventeen, or 14 per cent., were unimproved; nineteen, or 
cent., improved; and nineteen, or 16 per cent., well. Admitte y 
of these lesions were in the advanced pulmonary group, and many 


implications. _ . • jw 

In the second division there Avere eigbty-fiA'e lesions treate 
Many of the operations Avere merely sinus excision or 
ihough amputations and arthrodeses are also included. Avith 

ihree Avere in the non-pulmonary group, and fifty-tAvo in t re grov 
mlnionary iiwolvement. The end results AAire; thirty-eig i 
;ent., in patients Avho died; eight, or 9 per cent., 

Iiree, or 27 per cent., improAid; and sixteen, or 19 per cen ., n 

The results of treatment are difficult to one 

aased on patients. In a fcAV of the patients AAuth mu ip ® 
joint may have been treated by rest or immobilization ^ Yarirn’'^^® 
associated lesion by some form of surgery. Then t lere aa ^ 
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in the final result in six of the patients in whom one joint was unimproved, 
and the other well or improved. In the count, three were considered 
favorable and three unfavorable in result. The mortality then, in rela- 
tion to treatment, was as follows; Of eighty-eight patients treated by 
rest or immobilization only, forty-nine died; and the lesions in ten were 
unimproved; in fifteen, improved; and in fourteen, well. Of seventy-two 
patients treated surgically, twenty-nine died; and the lesions in six were 
unimproved; in twenty-one, improved; and in sixteen, well. 

SUAIMARV AND CONCLUSIONS 

The analysis of the bone and joint tuberculosis encountered in a 
general tuberculosis hospital during the fifteen years from 1920 to 1935 
shows that : 

1. Of 4252 tuberculous patients, 160 or 3.76 per cent, bad 203 single 
or multiple tuberculous joint and bone lesions, which were usually second- 
ary to some other tuberculous focus, most frequently in the lungs. 

2. Of these 160 patients, 118, or 73.7 per cent., had chronic pulmonary 
tuberculosis; forty-two, or 26.3 per cent., had no pulmonary involvement 
but had fifty-three bone and joint lesions, or 26 per cent., of the total 
orthopaedic lesions. Of these patients with fifty-three lesions, forty-five 
had manifestations of tuberculosis elsewhere, — in bones and joints, or 
skin, or as adenitis, polyorrhomenitis, etc. In only eight was one joint 
the sole focus of tuberculosis. 

3. Bone and joint tuberculous disease affects more often the weight- 
bearing joints in the order indicated in Table II. 

4. It is most prevalent in the second and third decades of life. 

5. When tuberculous bone and joint lesions are associated with 
pulmonary disease, the outcome is greatly influenced by the degree of 
lung involvement and is particularly serious in the moderately advanced 
and far-advanced stages. Complications were present in the greatest 
number in the patients with far-advanced pulmonary tuberculosis. The 
orthopaedic lesions, therefore, should be secondary in importance to the 
care of the pulmonary disease. Surgery for patients in these advanced 
stages of the disease must be carefully considered; conservative measures 
alone are the methods of choice. 

6. The prognosis is more serious in patients who have tubercle 
bacilli in the sputum ; in patients in whom there is a draining sinus or mul- 
tiple abscesses (very often a general toxaemia ensues in the former, and 
the development of amyloid disease in the latter); and in those with 
forms of tuberculosis other than pulmonary. 

7. The end results show that in 160 patients with 203 bone and joint 
lesions, thirty-five or 17 per cent, of the lesions were well; forty-two, or 
21 per cent., were improved ; twenty-six, or 13 per cent., were unimproved; 
and 100, or 49.3 per cent., were in patients who have died. 

8. In a studj^ of bone and joint tuberculosis in a general tubercu- 
losis hospital where far-advanced pulmonary cases constitute a large 
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proportion of the patients, the mortality statistics are necessarily higher 
than in a service with orthopaedic patients alone. In this series the 
mortality was highest in the second, third, and seventh decades. It was 
greater in the pulmonary cases (51 per cent, of the patients with 50 per 
cent, of the lesions) than in the non-pulmonary cases (38 per cent, of 
the patients wdth 45 per cent, of the lesions) ; and greatest in those vdth 
multiple joint lesions. It Avas also higher in the yelloAv, mixed, and negro 
races. This indicates an unusual susceptibility and loAvered resistance, 
and for this reason very careful consideration must be given each patient 
before surgical procedure is undertaken. Of the patients Avith positive 
sputum 79 per cent, died or had lc.sions AA'hich failed to improA'^e; and of 
ninety-tAVO patients Avith one or more sinuses, sixty-three died or had 
lesions AA'hich failed to improA'c. 

9. An analj'sis of the 118 bone and joint lesions treated by rest 
and immobilization shoAvs that sixty-three, or 53 per cent., AA'ere in pa- 
tients AA'ho died; seventeen, or 14 per cent., Avere uniinproA'cd; nineteen, 
or 16 per cent., AA'crc improA'cd; and nineteen, or 16 per cent., AA’ere Avell. 
Of the eighty-fiA'e joints treated by surger}' of any kind, thirty-eight, or 
44 per cent., Avere in patients Avho died; eight, or 9 per cent., were unim- 
proved; tAventy-threc, or 27 per cent., Avere improved; and sixteen, or 19 
per cent., Avere Avell. 

10. Because this study has brought out so conclusively the high 
mortality in bone and joint tuberculo.sis AA'hen associated Avith pulmonary 
inA'oh'ement, the authors Avish to emphasize the necessity of a complete 
physical examination including routine laboratory Avork and roentgeno- 
grams of the chest for cA'ery patient. 

‘ Cleveland, Mather; Surgical Treatment of Joint Tuberculosis. Surg. Gynec. 
Obstet., LXI, 503, 1935. 
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A SIMPLE METHOD OF TWO-STAGE TRANSPLANTATION 
OF THE FIBULA FOR USE IN CASES OF COMPLICATED 
AND CONGENITAL PSEUDARTHROSIS OF THE TIBIA* 

BY PHILIP D. WILSON, M.D., NEW YORK, N. Y. 

The purpose of this communication is to describe a simple method of 
two-stage transplantation of the fibula into the tibia, and to report the 
results obtained by its use in a group of nine cases of complicated pseu- 
darthrosis of the tibia. 


HISTORICAL 

Transplantation of the fibula to replace defects in the tibia was first 
conceived b}'’ Hahn in 1884, but he transferred onlj’- the upper end into 
the proximal fragment. Subsequently Codivilla pointed out the advis- 
ability of also transferring the lower end into the distal fragment of the 
tibia in order to overcome the valgus deformitj’^ of the foot. Huntington 
perfected the technique of this operation in 1905, and reported a case in 
which he had successfully bridged a gap of five inches in the tibia. He 
described a two-stage procedure in which he first exposed the shaft of the 
fibula on a level with the lower end of the upper fragment of the tibia. 
He divided the fibula and transplanted the upper end of the distal frag- 
ment into a cup-shaped depression in the tibia. After fixation in a plaster 
casing for eight to ten weeks, he performed the second stage of the opera- 
tion. The lower portion of the fibula was exposed on a level with the 
upper end of the distal tibial fragment and transplanted into a cup-shaped 
depression. 

Stone, in 1907, reported a modification of the Huntington technique, 
in which he split the distal portion of the fibula shaft into two halves and 
then divided one half at the external malleolus. He transferred this frag- 
ment into the distal end of the tibia, and was thus able to elongate a short 
leg. Campbell, in 1919, reported three cases of tibial pseudarthrosis in 
which he excised the cartilage and ligaments from the upper tibiofibular 
articulation, and buried the head in the tibial tuberosity. He performed 
this operation as a preliminary to later bone-grafting operations on the 
tibia, and did not consider it necessaiy to transfer the lower end. He 
pointed out the stabilizing effect of this operation upon the pseudarthrosis, 
and considered that it increased the chances of a successful result from the 
bone graft. 

The literature abounds with reports of cases, either single or in small 
groups, where transference of the fibula was done with successful results. 
In general, the method was employed only when thei'e existed large defects 
in the tibia, and varying operative techniques were used, often involving 

* Presented at the Annu.al Meeting of the American Ortliopaedic Association at 
Kansas City, Missouri, May 9, 1940. 
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complete separation of the transplanted portion of the fibula from its 
blood supply. In particular, the method proved useful in defects result- 
ing from diaphyseal resections of the tibia for acute osteomjmlitis. 

INDICATIONS 

It is the author’s belief that transference of the fibula into the tibia 
has a much wider application than this; and that it ought to be considered 
in all cases of comjilicated or infected pscudarthrosis, even where there is 
no gross loss of tibial substance, particularly when bone-grafting opera- 
tions have pi'eviously failed, or seem for the moment to hold very little 
promise of success. In the author’s hands the method also proved par- 
ticularly valuable in cases of congenital iiseudarthrosis or of congenital 
bowing in which pscudarthrosis subsequently developed. 

The operation here d(!scribed was first employed by the author in 
1926. The technique was later improved and simplified, and the method 
has now been cmjiloyed in a total of nine cases which are herewith re- 
ported. In one early case (Ca.se 2), it was necessary to operate three times 
before union of the upper end of the fibula to the tibia was obtained. In 
one other case (Case 9), union of the upper end was doubtful, but, since 
healing of the pscudarthrosis took place promptly afterward, it would 
seem to be fair to consider the result succc.ssful. In the other cases osteo- 
synthesis of the fibula to the tibia rc.sultcd unevcntfull.y. 

OPERATIVE PnOCEDUUE 

The ojicration is best done in two stages although in one case both 
ends were transiilantcd at the .same time. The two-stage method has the 
advantages of lessening the risk of dislodging the end of the fibula from its 
connection with the tibia, of shortening the time of the operation, and o 
reducing the severity of the postoperative reaction. 

First Stage of Operation (Upper End) 

The operation should be jierforracd with a tourniquet about the thigh. 
An oblique incision is made over the lateral aspect of the knee and 
leg, beginning at a point three inches above the head of the fibula at le 
posterior border of the biceps femoris tendon, and extending downv ^ 
forward to the- tibial crest at a point two to three inches below t le i w 
tubercle. The skin and superficial fascia are dissected back on ei i 
side of the incision to expose the deep fascia, the head of the 
lateral surface of the external tuberosity of the tibia, and the ti la c 
(Figs. 1 . 2-A, 2-B, and 2-C) . The common peroneal nerve is identifie 
hind the biceps tendon, picked up in a tape, and carefull}'' dissec e _ 

it passes around the neck of the fibula and divides into its deep an 
ficial branches. A transverse incision is now made along t e i 
border of the lateral tuberosity of the tibia at the point of at ac i 
the tibialis anterior muscle, and extended anteriorlj^ and jjjcision 

ing this border as it curves distally, .to meet the tibial crest. 

. xTr. tniNT subgebv 
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extends posteriorly until it meets the incision over the neck of the fibula 
which has exposed the common peroneal nerve (Fig. 2-A). With a per- 
iosteal elevator the muscle flap, which has thus been outlined, is stripped 
away from its attachment to the upper end of the fibula and the lateral 
tuberosity of the tibia, and retracted downward. By retracting the nerve 
with the tape and stripping the muscles away from the fibula, an excellent 
exposure is obtained of the upper part of the fibula, of the shelving under 
surface of the lateral tuberosity of the tibia, and of the interosseous mem- 
brane. The anterior tibial artery and vein may be seen emerging from 


the popliteal space through the opening at 
the upper edge of the interosseous mem- 
brane, and coursing downward on the an- 
terior surface of the latter. These vessels 
interfere with the transference of the fibula, 
and must usuallj'^ be ligated and cut. 

The fibula is now divided at the neck 
with a sharp osteotome (Fig. 2-B), and the 
upper end of the distal fragment is seized 
with a bone clamp and pulled mediallj’’ 
toward the tibia, in order to determine both 
the proper point for its lodgement in the 
tibia, and also the amount of force necessaiy 
to approximate it to the tibia. Forcible 
outward displacement of the foot and leg 
below the pseudarthrosis facilitates this 
task. In some cases, usuallj'^ determined 
beforehand from a study of the roentgeno- 
grams, there may be interference with the 
medial displacement of the upper end of the 
fibula from the impingement of a mass of 
callus at the lateral surface of the pseudar- 
throsis, or from the lateral bowing or dis- 
placement of the fragments of the tibia. 
When approximation of the upper end of the 
fibula to the tibia cannot be obtained with- 
out the use of undue force, it is necessary to 
perform a partial osteotomy of the fibular 
shaft lower down, and produce a greenstick 
fracture which will allow it to be bent in- 
ward until contact with the tibia is obtained. 

The fusion of the fibular shaft to the 
tibia is made bj'- lifting up a flap of cortical 
bone on the lateral surface of the upper end 



of the tibia, and excavating a bed undei neath 
of sufficient size to lodge the end of the fibula 
(Fig. 2-C). Bone chips may be packed in 


Fig. 1 

Diagrammatic rcpre.--entatioii 
of completed operation. 
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and about the point of junction to make union more certain. Whether or 
not some form of metallic fixation should be employed depends upon how 
much tendency there is for the fibula to spring away from the tibia. In 
the case of an adult, because of the rigidity of the fibula, this is a wise 
precaution. The simplest method of fixation is a screw passed through 
the fibula into the tibia until its threads engage the opposite cortex. 

Following fixation of the fibula to the tibia, the wound is closed. 
The muscle flap is replaced in its original position and its edges are sutured 
to the adjacent fascia. The common peroneal nerve is allowed to drop 
back into its original bed and the fascia is closed. The skin edges are 
sutured, following which the leg is carefully supported and a plaster casing 
applied, extending from the toes to the upper thigh. 
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Second Stage of Operation {Lower End) 


The second stage of the operation should usually be delayed for about 
four weeks, or until tiie union of the upper end of the fibula with the tibia 
is secure. The aim is to produce a synthesis of the lower portion of the 
fibular shaft with the tibia, just above its point of junction with the latter. 
This operation is siinjile and requires no long descrijition. With a tourni- 
quet about the thigh, an incision about five inches long is made in the long 
axis of the limb over the anterior .surface of the lower third of the leg at a 
point about midway between the tibia and fibula. The fascia is opened, 
freed from the underlying muscles, and retracted widely enough on either 
side to expose the fibula and tibia (Fig. 3-A). The shaft of the fibula is 
exposed subperiosteally, and divided with an osteotome in an oblique 
plane from below upward and outward, beginning just above the tibio- 
fibular junction. The lateral surface of the lower portion of the tibia is 
exposed and, working outward with a blunt instrument from this point 
and inward from tlu' region of the fibula, an opening is made between the 
interosseous membrane and the muscles lying anterior to it. The lower 
end of the fibular shaft is inilled through this oirening and approximated 
to the lateral .surface of the tibia. A flap of cortex is then split away from 
the lower end of the tibial shaft and a hole excavated Iiehind it at the 
proper level, in which the lower end of the fibula can be securely lodpd 
(Fig. 3-B). The incision is closed in layers, and a plaster casing is applied, 


extending from the toes to the iqiper thigh. 

It is considerably easier to form the junction between the lower en 
of the fibula and the tibia than at the upper end, and it has been necessaiy 
to employ metallic fixation in only one instance. It should be pointe 
out, however, that in four out of five of the eases of congenital pseudai- 
throsis there was a jiscudarthrosis of the fibula as well as of the tibia, an 
in these the second stage of the operation was atypical. The 
lower end of the upjier fragment was inserted in a hole in the upper en o 
the distal tibial fragment. Because of the shoidncss of the fibidai lag^ 
ment, some difficulty was encountered in approximating the bones, 
one case (Case 6), the fibula pulled out of the tibia and approximation 
the bones was lost. In this case a second operation was perfoime a|i^^ 
osteosynthesis completed by the use of sliver grafts, layed in contact 
the fibula and tibia, and held in place by the closure of the peiios eii 


and muscles. 


.\FTER TREATMENT 

Complete immobilization in plaster was emplo 3 '’ed in these 
varying periods of months. Union of the fibula to the tibia 
solid in from six to eight weeks after the operation. Geneialb ^ 
of about three months, a walking stirrup of steel was incoipoia e 
plaster, and weight-bearing on the affected limb was encouiage • 
as there was a chance of union of the tibial pseudarthrosis, 
mobilization in plaster was continued, in some instances up o o 
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When there was loss of substance of the tibia and union at this point 
could not be expected, a double upright brace, with sole plate, knee joint, 
and a laced leathei' cuff about the lower leg, was generally employed. 
Weight-bearing in this was encouraged, and the patients were instructed 
to get rid of crutches. At a later time a bone-grafting operation was 
performed and union pi’omptly resulted. 

CASE REPOHTS 

Case 1. A. N. A female, urccI thirty-five years, on December 23, 1926, sustained 
a compound comminuted fracture of the bone.s of the right leg at the junction of the mid- 
dle and lower thirds. After ddbridement and a large loose fragment of bone had been 
removed, the wound healed bj' granulation without .serious infection, but, because of loss 
of bony .substance, there was failure of union. On October 20, 1927, an attempt was 
made to obtain union by the use of multiple bone chips and an osteoperiosteal graft, but 
this resulted in fnihu’o. On Jul^' G, 1928, « inn.ssivc bone graft, eight inches long, was re- 
moved from the opposite tibia and inlnycd across t)ic line of fracture. At the end of five 
months this operation appeared to be successful, but later absorption of the graft oc- 
curred, and the pseudarthrosis was reestablished at the old level. 

It was decided to perform a two-stage side transphintation of the fibula. The first 
operation was performed at the Mas.saehusctts General Hospital on September 19, 1929. 
With considerable clifTiculty and hemorrhage, as the simplified tochnique previouslj 
described had not j’ct been developed, the upper end of the fibula was transplanted into 
the upper end of the tibia. It was secured by the insertion of three steel screws and im- 
mobilization in plaster. Tliere were no complications, and at the end of forty days the 
second stage of the operation was done, and the lower end of the fibula was transferre 
into the tibia. Plaster fixation was continued for three mouths when a brace was fide . 
The roentgenographie examination at this time showed union of both ends of the fi u a 
with tlie tibia and the beginning of union of the tibial fragments at the point of pseu 
darthrosis. One year after the lust operation there was solid union of the tibia, »o 
woman was walking normally, and had resumed work as a domestic. There was goo 
alignment and excellent function of the knee and ankle. 

Case 2. M. D. A female, aged twenty-four years, was admitted to the Massachu^ 
setts General Hospital in February 1929, with a history of a fracture, proba } 
pound, of the left tibia in childhood. Infection developed, and therewas a draining" ou^^^ 
until five years previous to admission, when, after an operation was performed, t 
healed. One j^ear before admission an abscess developed in the scar and luptu'o 
taneously with the discharge of a fragment of bone. After several weeks, tie ^ 
healed and had remained closed for ten montlis. The leg had always been de 
rveak, and had required the use of a brace, but for the last four years she ha een a 

bear full weight on it with perfect comfort. i f# i tr witli a 

Examination showed marked shortening and outward bowing of the e e 
long, broad, thin scar on the anteromedial surface. Definite abnoima ’ showed 
be demonstrated at the middle of the leg. The roentgenographie 
an ununited fracture of the tibia with an enormously^ hy'pertrophied fi the 

In February it was decided to excise the pseudarthrosis, to attemp ' o ^ 
leg by a Z-shaped osteotomy, and later to correct the pseudarthrosis by a ^rac- 

Kirschner wires were inserted at the upper and lower ends of the ti ia, an ® .j 
tion and countertraction were applied. The lengthening proceede sa is 
about two inches were gained, but the ends of the fragments pi ojec e an ^ pjjjgter 
broke through the overlying skin. On April 17, 1929, the pins were wef® 

casing applied. The wound on the anterior surface drained and jg the pa' 

performed to remove the projecting bone ends and obtain healing. a 
tient was discharged with the leg in plaster. 
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She was readmitted September 11, 1929, still with an ununited fracture of the tibia 
and a granulating wound one inch in diameter. Operation was performed September 14, 
1929, and a sequestrum removed. It was thought that a two-stage transplant of the 
fibula into the tibia could be done safely by blocking off the draining wound. The first 
stage of the operation was performed September 30, 1929, and the upper end of the fibula 
was transferred to the tibia. Considerable difficulty was encountered in establishing 
contact of the bones, because of the impingement of the fibula against the bowed tibia at 
about its middle. The fibula was held against the tibia with two steel screws. The leg 
was fixed in plaster. Recovery was uncomplicated and the patient was discharged 
October 12, 1929. 

Readmitted January 30, 1930, the patient still had a draining wound over the middle 
of the tibia. The second stage of the operation was performed, and the lower end of the 
fibula was transferred into the tibia. She was discharged with the leg in plaster Febru- 
ary 18, 1930. 

The patient was readmitted October 11, 1930, because the upper end of the fibula had 
failed to unite with the tibia. On October 14, 1930, the point of the upper transplant was 
exposed, the metal screws were removed, and bone chips were packed about the synostosis. 
She was discharged November 4, 1930, with the leg in plaster. 

The patient was readmitted October 24, 1933; she had been walking with a brace. 
The wound over the tibia had healed, but the upper end of the fibula and tibia had still 
failed to unite. On October 27, 1933, the shaft of the fibula was divided at the junction 
of the upper and middle thirds: 
the upper end of the distal 
fragment was implanted into 
the upper fragment of the 
tibia, and fixed with transfixion 
screws. She was discharged 
November 14, 1933, with the 
leg in plaster. 

On August 20, 1934, the 
patient was readmitted. She 
had worn a plaster casing for 
four months following the last 
operation, and then had used a 
long leg brace. There was 
solid union of the fibula to the 
tibia, and the leg was stable. 

The wound on the anterior 
surface of the tibia was again 
discharging. The scar was 
excised, and a transfer of a 
pedicle skin flap was done with 
successful result. The pa- 
tient was discharged Septem- 
ber 28, 1934. 

When the patient was last 
seen, November 17, 1936, there 
had been no further discharge 
from the leg wound, bonj' 
union was solid, and the pa- 
tient was walking without 
brace support. There was 
good alignment, with shorten- 
ing of one inch, and excellent 
function. 
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Case 3. D. S. (No. H25-675). A male, aged eight years, was admitted to the 
Hospital for the Ruptured and Crippled in April 1937, with a diagnosis of congenital 
bowing of the left leg, pseudarthrosis of the tibia, and neurofibromatosis of von Reckling- 
hausen. He had been followed continuously at tiie hospital since the age of nine months. 
At the age of three years an osteotomy of the tibia was performed, which was followed by 
failure of union. The leg was immobilized in plaster continuously for twenty months, 
at which time a transplant of a large bone graft from the right tibia into the left tibia by 
the inlay method was done. In January 1934, four months after the operation, there was 
union at the site of the old osteotomy, but absorption at the lower end of the bone graft, 
where a pseudarthrosis was developing. Weight-bearing in a plaster casing was per- 
mitted. In April 1935, the fibula was divided, the eburnated ends of the tibia excised, 
and the leg shortened so that the tibial fragments were approximated. They were fixed 
by the application of a large onlay graft from the opposite tibia, which was secured by the 
insertion of four steel screws. At the end of six months, the roentgenographic examina- 
tion showed union at the old level of pseudartlirosis, but aljsorption at the upper end of 
the graft, where pseudartlirosis was developing. In December 1936, there was frank non- 
union of the tibia, and the steel screws were removed by operation. 

Examination in April 1937 showed a normally developed, active boy. The left leg 
was considerably atrophied, and there was abnormal mobility of the tibia in the lower 
part of the middle third, but the alignment was good. Inspection of the body showed 
numerous oval, brown iiigmented areas on the skin of the trunk, characteristic of the 
multiple neurofibromatosis of von Recklinghausen. 

A two-stage transplantation of the fibula into the tibia was done according to the 
technique previously described, with an interval of eight weeks between the two opera- 
tions. Ail went weil, and the roentgenographic e.xamination in Oct'jber 1937, six mont s 
after the operation, showed not only good union between both end'l of the fibula and t le 
tibia, but also the beginning of union of the tibial pseudarthrosis. In February 1938, tea 
months after the operation, this union seemed quite solid, and the patient was allowe o 
walk with the aid of a long leg brace. * a 

In April 1938, without pcrmis.sion, he walked without his brace and fell, le rac uiin 
both fibula and tibia at the junction of the lower and middle thirds. There nas no 
alignment of the bones and he was treated by immobilization in plaster. a * 

fracture united rapidly, but union of the tibia was slow. Finally, in Januaij 
four slender grafts from the opposite tibia were implanted under the 
lowing the technique described by Haliock. Weight-bearing in a plastei 
mitted at the end of two months. In December 1939, there was solid union 
bony reparative tissue about the old fracture site, and the boy was allow ed to ear 

in his brace. t ■ • ht and 

When last seen in July 1940, he was getting about actively; the leg was ® 
solid, with good function of the knee and ankle, and shortening of two cen m 


Case 4. E. G. (No. H17-287). A female aged four years, w-as 
Hospital for the Ruptured and Crippled in November 1937, with a diagnosis o 
pseudarthrosis of both bones of the right leg and multiple neuro , ^.jjgjigeof 

Recklinghausen. The child was first seen by' the author in Novembei , j^oentgeno- 
eighteen months, because of marked bowing of the bones of the lig niiddle 

graphic examination showed a pseudarthrosis of the tibia at the junc lower, 

and lower thirds, and a pseudarthrosis of the fibula at a level one cen^ lower end 
There was anterior and lateral bowing, and a suggestion of cystic c lange i ^ plaster 
of the upper tibial fragment. The bowing w'as corrected under 'T the seat of th® 

casing was applied. In March 1935, there was abnormal mo 1 1 y niultipl® 

fracture. An operation was performed, exposing the ends of the lagme ’ ,vere 

drill holes w'ere made in them with a fine drill. The ends o t le “ plaster con- 
approximated and tied together with silk. The leg was immo i iz 
stantly until the present admission, and w'eight-bearing was encoura 

OF BO». 
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Examination at this time showed marked anterior bowing of the bones of the leg 
with beginning tendency to ulceration of the skin over the sharp bon 3 " pi-ominence, and 
abnormal mobility at the seat of fracture. Several small oval pigmented areas, charac- 
teristic of Von Recklinghausen’s multiple neurofibromatosis, were discovered on the skin 
of the trunk, but no familj' histoiy of this condition could be elicited. 

On November 26, 1937, both ends of the upper fragment of the fibula were trans- 
planted into the tibia at the same time. The upper end was transplanted in the manner 
previouslj^ described; the pointed lower end extended onlj" one centimeter below the 
pseudarthrosis and had to be lodged in a hole made in the upper end of the lower frag- 
ment. At the same time the sharp projecting ends of the tibial fragments were trimmed 
awaj". The leg was immobilized in a plaster casing. 

Convalescence was uneventful, and roentgenographic examination in September 
1938, showed both ends of the fibula united to the tibia with considerable Iwpertrophj" of 
the fibula. There was no evidence of union at the point of pseudarthrosis, although b 3 ' 
clinical examination the leg appeared quite solid. On December 9, 1938, the seat of frac- 
ture was exposed, and the tibial fragments were found to be united. The sharp apex of 
the angulated tibia was excised. Two bone grafts about two inches long and one-fourth 
inch wide were removed from the opposite tibia and la 3 ’ed on either side of the tibia under 
the periosteum. The leg was fixed in plaster. The girl made a normal recoveiy from 
the operation. In June 1939, the condition was satisfactory. The union appeared 
strong both clinicalty and roentgenographiealty. 

When last seen in March 1940, she was getting about well in her brace. The de- 
formity of the bones of the leg was not excessive, and there was shortening of two and 
five-tenths centimeters. 

C.\SE 5. P. C. (No. H13-934). A male, aged two 3 'ears, was admitted to the Hos- 
pital for the Ruptured and Crippled in October 1934, with a diagnosis of congenital 
bowing of the right leg, 
pseudarthrosis of the 
tibia and fibula, and 
mental retardation. The 
child had first been seen 
at the hospital with this 
condition at the age of 
fifteen months. The leg 
had been eontinualty im- 
mobilized in plaster for 
thirteen months without 
appreciable result. The 
roentgenogi-aphic exam- 
ination showed marked 
bowing of the entire tibia 
and an ununited frac- 
ture of the fibula about 
half an inch above its 
lower end. 

An operation was 
performed and the ends 
of the tibial fragments 
freed and stepped to- 
gether with an overlap 
of three-fourths of an 
inch. Tile lower end of 
the upper fragment of the 
fibula was freed and trans- 
planted into a hole in the 



Fig. 6 -C 
Case 4 
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distal fragment of the tibia about one inch below the fracture, and a plaster casing 
was applied. 

Six months postoperatively the roentgenographic examination showed that the 
fibula had united with the distal fragment of the tibia with anteromedial angulation, but 
the tibial fracture was still ununited. In April 1935, a second operation was performed 
in which a massive graft, three and five-tenths inches long, was removed from the oppo- 
site tibia, applied to the point of pseudarthrosis, and fixed with two steel screws. 

The leg was immobilized in plaster until October 1935, at which time the roent- 
genographic examination showed solid union, and a long leg brace was fitted. He did 
well and was followed in the Out-Patient Clinic. In January 1937, the screws were 
found to be loose, and were I'emoved. In May 1937, he complained of pain in his leg and 
the roentgenographic examination showed there had been a refracture of the tibia at the 
level of the previous pseudarthrosis. A close-fitting plaster casing was applied and worn 
continuously until March 1938, at which time there appeared to be a definite pseu- 
darthrosis of the tibia. It was decided to transplant the upper end of the fibula into the 
upper end of the tibia. 

This operation was performed on March 5, 1938, in the usual manner except that in 
ordei' to bend the upper end of the fibula far enough inward to meet the tibia it was 
neeessaiy to perform a partial osteotomy of the fibular shaft, and produce a green stick 
fracture. The leg was immobilized in plaster until Januaiy 1939, at which time the 
roentgenographic examination showed not only fii-m healing of both ends of the fibula 
with the tibia, but also bony union of the tibial pseudarthrosis. 

When last seen in Maj' 1940, he was getting about actively in his brace, and there 
were no complaints. Roentgenograms showed good healing of the tibia with anterior 
bowing, but there appeared to be a line of separation between the lower end of the fibula 
and the tibia. 

Case 6. M. D. (No. H14-907). A female, negro, aged five years, was admitted to 
the Hospital for the Ruptured and Crippled in January 1938, with a diagnosis of con- 
genital bowing of the right leg and pseudarthrosis of the tibia and fibula. She had been 
followed at the hospital since the age of one year, at which time she was found to have 
marked anterior bowing of the right tibia with pseudarthrosis of the fibula. In February 
1934, an osteotomy of the tibia was performed with correction of the bowing followed by 
plaster immobilization. In November 1934, she was recognized as having a frank pseu- 
darthrosis of both bones of the leg, and a long leg brace was fitted. In May 1935, the 
eburnated ends of the tibial fragments were excised, and a massive graft three inches long 
and three-fourths of an inch wide, taken from the left tibia, was fixed by the insertion of 
two steel screws. The ununited ends of the fibular fracture were overlapped about one 
inch, and the leg was fixed in a plaster casing. The child made a normal recoveiy, but 
rapid absorption of the graft occurred, and, in December 1935, it was evident that the 
condition of pseudarthrosis had been reestablished. 

She was readmitted to the hospital for transplantation of the fibula, and the first 
stage of the operation was performed in Febi-uary 1938, according to the method previ- 
ously described. The incision was extended downward sufficiently to permit removal of 
the screws. Recovery was complicated by necrosis of a portion of one skin flap, but thi.s 
was trimmed away and the wound healed by granulation. The second stage of the opera- 
tion was performed seven weeks after the first, and considerable difficulty was experi- 
enced in establishing contact between the short upper fragment of the fibula and the 
lower fragment of the tibia. An attempt was made to fi.x them together with a chromic 
suture, but later it was found that the ends had separated. In October 1938, there wa" 
firm union of the upper end of the fibula to the tibia, but complete loss of connection at 
the lower end and the pseudarthrosis persisted. At this time the region of flio pseu- 
darthrosis and the lower end of the upper fibular fragment were exposed. Tlie latter wa“ 
osteotomized about two inches above its lower end, which permitted its insertion into a 
hole in the upper end of the lower tibial fragment. At the same time four .'•lender, 
match-stick grafts, each about three inches long, wore removed from the oppo'iito tibia 
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and laid under the peri- 
osteum about the point of 
the pseudarthrosis and at 
the junction of the fibular 
fragment with the tibia. 

The wound was closed 
and a plaster casing ap- 
plied. Recovery was un- 
eventful and two months 
later the roentgenograph- 
ic examination showed a 
mass of new bone uniting 
the lower end of the fibula 
with the tibia. In No- 
vember 1939, the fibula 
was found to be solidlj’' 
incorporated in the tibia, 
and the tibial pseudar- 
throsis was also solidly 
united. At this time she 
was given a long leg brace 
and permitted to bear 
weight. 

When last seen, in 
April 1940, she was get- 
ting about actively in her 
brace. The leg was 
straight with two inches 
of shortening. The union 
was solid on both clinical 
and roentgenographic ex- 
aminations. 

Case 7. D. R. (No. H30-147). A male, aged six years, was admitted to the 
Hospital for the Ruptured and Crippled in November 1938, with a diagnosis of congenital 
bowing of the left leg, and pseudarthrosis of left tibia and fibula. According to the 
parents, the deformity had been present from birth, but the boy was able to use the leg 
normallj". About twelve weeks previously, he had fallen from a chair and fractured the 
leg. A plaster casing was applied, but when this was removed there was no evidence of 
union. Upon examination marked deformity of the leg with anterior bowing and ab- 
normal mobility without pain could be demonstrated at the junction of the lower and 
middle thirds. The roentgenographic examination showed an ununited fracture of the 
tibia with medial and anterior angulation, and an ununited fracture of the fibula at a 
slightly lower level. 

It was decided to transplant the upper fragment of the fibula. On November 4, 
1938, the first stage of the operation was performed with transplantation of tlie upper 
end of the fibula into the lateral tuberosity of the tibia in the manner described. The 
second stage of the operation was performed on December S, 1938, and the lower end of 
the upper fragment of the fibula was fixed to the lower tibial fragment with a wire suture. 
Both operations were followed by immobilization of the leg in a plaster casing. 

Both ends of the fibula united promptly with tlie tibia, and, in March 1939, tiiere 
was evidence that the tiliial pseudarthrosis was uniting. A walking plaster was u-ed for 
fixation until March 1940, at which time he wa.s given a long leg brace. At thi' time he 
had normal use of the leg and the roentgenographic e.xamination showed solid union 
of the tibia. 



Fig. 7-G 
Case 5 
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C’\si; S. I'. L. (No. II2.S-2-17). A male', siRod forty-nine yeais, was udmiftecl to tlie 
llo'-intal for tlie Unplnied and C'ripiiled Soptombor 19, 193S, with a diapiosis of old, 
infected, cotniionnd fiacture of hotli bones of left Icr, and iiscudartliro.sif, of the tibia. 
He had been injured in an automobile accident in .Tune 1930. Tlie fracture liad been 
treated liy .skeletal tiaction, followed by a loiiK iieriod of immobilization in plaster. The 
wound healed after about four weeks. The faeture failed to unite, and in .lanuary 1937, 
an oiieration was perfoi med, iirobahly a bone transplantation from the same tibia, which 
was followed by wound infection and suppuiation. 'I'lic wound drained until February 
23, 193S, when an operation was pet formed and a .scipiestrum lemoved. The wound 
healed by pranulation and was completely closed at the end of four months. At this time 
a lonp h'K brace was fitted and weight-bearing was encouraged. 

The examination at tlie time of admission showed good alignment of the leg, shorten- 
ing of about three-fourths of an inch, and abnormal mobility in the middle third of the 
tibia. The roentgenograms showed a gap of ncaily one inch between the ends of the 
fnigments of tiic tihia, and considerable ebiirnation. The fibula had been fractured, but 
had united. 

Hecause of the history of recent infection it was thought that a bone-grafting opeia- 
tion had little chance of success, and a f wo-.stage transplantation was advised. The first 
operation was performed on September 21, 1938, and consisted of excising the cartilagi- 
nous surfaces of the upper tibiofibular ai f iculation, and burying the upper end of the fibula 
in a lied dug out of the 
lateral tuberosity of the 
tibia. The second stage 
wjus performed on Octobei' 

17, 193S, when the fibular 
shaft was divided in its 
lower third, and its lower 
end applied to the lower 
fragment of the tibia 
ivhere it was fixed with a 
vitallium screw. The leg 
was immobilized in plas- 
ter until March 1939, 
when the patient was al- 
lowed to resume wearing 
his brace. 

Solid union of both 
ends of the fibula with 
tlie tibia was obtained, 
but there was still slight 
mobility of the tibia at 
the point of pseudar- 
throsis, and he was not 
able to walk without his 
brace. There had been 
no recurrence of the in- 
fection, and it was con- 
sidered safe to do a bone- 
grafting operation, which 
was performed on June 
15, 1939. A bone graft, 
six inches long, was re- 
moved from the opposite 
tibia and applied to the 
ends of the fragments, 



Fig. 9-A 
Case 7 
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Ix'iiiR fixcil l)y the in^citioii of foiii vitallnini sciows. Rpiovpiy was poniplicated by a 
'-Kin '-loiit'li, about onp inch in (iianiptpi, wIiipIi was finally closed, except foi a small 
jipi'-i'-tpiit '•inns, b\ tlip aiiiilication of small inncli Kiafis. I'lie leg was piotected in a 
Iila'-tpi-of-Paii'- cM'-ing, and lafci in a steel biacc until Januaiy 19-10, at which time the 
ropiitgpiiogram -bowed sohd mcoipoiation of the giaft, and he was allowed to walk 
w ilhoiit -uiipoi I 

When la-t -pen, m .Inly 1910, he was walking w it bout cane oi othei support, and there 
wa- -olid union both chnicallv and loenlgenogiaplucally I'he leg was stiaight with 
-hortening of three-foiii tlis of an inch. Thcie was still a small diaining sinus on the 
lupdi'd -uifacp which, on piobing, led down to bale bone, and the loentgenogiam sug- 
gp-ted the iiip-pikp of a small spiiup-tium in this icgion. 

C'\si, 9. .1 W (Xo 11,31-130) A male, aged thiity-nine 3 'eais, was admitted to 
the Ho-]ntal foi the Hujituipd and Ciipplcd Maich 17, 1939, with a diagnosis of infected 
fi.ictuip of (he bones of the light leg, and p-eudaithiosi- of the light tibia. The mjuij- 
occiiired Maich 1 1, 193S, w hen he was knocked down In- a motor cai. The fiactuie was 
not compound, and hewastieated in sphntsfoi one month, when a bone-plating operation 
wa- iiprfoinied, and the leg immobili/ed in a pla-tei casing Infection developed and 
at the end of thiee months the plate was lemoved 33ic fiactuie failed to unite, 
and in Xovembei 193S, a thud oppiation was pcifoimcd, and the fiagments weie fixed 
together with wiie. 

I'Jxamination at the tune of admission icvealed a suppuiating wound, one inch in 
diamclpi, situated ovei the medial suiface of the middle of the tibia, and abnoimal 
mobiht.v of the tibia at this point The leg showed modeiate lateial bowing, and theie 
wa- slioi telling of tluee-fouith- of an inch 'Phe loentgenogiams showed an unumted 
fiactuie of the tibia in its middle thud with a numbei of tuins of wiie in the ends of the 
fiagments, and a loose sequestium. 

On Maich 24, 1939, the sequestium and wiie weie lemoved, the wound was packed 
open with vaseline gaure, and a plastei casing was applied On Apiil 22 the wound was 
clean and gianulating, and it was consideicd possible to block it out of the field and pro- 
ceed with a two-stage tiansplantation of the fibula into the tibia 

I'he first stage of the opeiatioii was peifoimed on Apiil 29 and the second stage on 
.June 14, each tune followed by the application of a plastei casing Xo complication oc- 
ciiiied, and the wound ovei the tibia was completelj- healed in September 1939. At this 
time the man was fitted with a long leg biace and allowed to bear weight The loent- 
genogiaphic examination indicated that union at the lower end of the fibula was film, but 
at the uppei end it was questionable Theie was evidence of beginning union of the 
pseudaithiosis In Deceinbei 1939, the loentgenogiams showed solid union of the tibia 
and the brace was discontinued When last seen in March 1940, he had no complaints 
and was walking with full weight on the leg Theie was slight lateial bowing, but good 
function of the knee and ankle 


DISCUSSION 

The point of chief interest that emeiges from the stud 3 ' of the cases 
was the high propoition in which spontaneous union of the tibial pseudai- 
throsis followed promptly" after the union of the fibula to the tibia This 
occurred in six out of the nine cases In two of these it was found adx is- 
able latei to reinfoice the union wuth slix'^er bone grafts, in one (Case 3) 
because of refiacture, and in the othei (Case 4) because of the delicacj' of 
the bones, but this did not alter the fact that union had resulted. In tw o 
of the thiee cases in wdiich union did not occui, there w’as a loss of sub- 
stance in the tibia, and bonj^ healing could not be expected. In the thiid 
case, which w'as one of congenital pseudarthrosis (Case 6), the upper 


VOL XXIII NO 1 lULX' 1941 









672 


P. D. WILSON 


fibular fragment was too short to be approximated successfullj^ to the 
lower tibial fragment, and bone gi’afts had to be em])loyed to bring about a 
junction. Union developed promptly, but the roentgenograms leave 
some doulit as to whether the union of the tibia was secondary to the 
fibular tran.splantation or the re.sult of contact with one of the bone grafts. 

The author can only attribute this spontaneous healing of the pseu- 
darthrosis to the internal splinting action of the fibular strut. He believes 

it affords further con- 


1 healing will take 

place when there is 
complete and rigid 
immobilization. 

may be asked why 
not excise the artic- 
ular cartilage at the 
superior tibiofibular 
joint and obtain the 
fusion of the upper 
end of the fibula thei e, 
instead of performing 
the more complicated 
operation described. 

pointed out that in 
the case of children 
this could not be done 
without danger of 

I , ; ; causing serious dis- 

a o-joQ / tortion of epiphysea 

U ^ ■ growth. Intheadul 

■ cases it is doubtfuhf 

it 

effective in bringing 

Fig. 11-A tibial umo"' 

Case 9 because the fibula 

being flexible, and the point of junction higher on the tibia than ^i 
method described, there is greater likelihood of movement a ic^ 
pseud arthrosis. Demonstrable mobility of the tibial t[,is 

noted in two cases wliere this method was emplo.yed, one, use 


series, and the other, the work of another surgeon. 

In two of the cases in which fibular transplantation n as o 
was bone infection at the point of pseudarthrosis, and Ijeen 

and in one other, although the wound was healed, in ec ion 
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Fihular traiisiilaiitalion lias a nmcii wider application in the treat- 
ment of (ihial {iscndardirosis lhan has been previously realized, and should 
not. lie reserved for (Iiose eases in which there are gross tibial defects. The 
inetliod is worlli consideration in ca.ses of infected or complicated pseudar- 
throsis. and also in the congenital p.seudarthro.si.s of childhood. 


UEFEUENCES 

llAixa.nv, C. E.: Two StiiRO Transplantation of Fibula for Tibia. Warthin Anniversary 
\'olnmc, p. .507. Ann .trbor, 1927. 

Haiidkii, C. G.: CoiiKonilal Ilowing and Pscndnrthrosis of the Lower Leg. Manifesta- 
tions of von Reoklinghansen's Neurofibromatosis. Surg. Gynec. Obstet., LXIX, 
OLS, ]9;?9. 

CAMi’nEM., W. C. : Transference of the Fibula ns an Adjunct to Free Bone Graft in Tibial 
Deficiency. Report of Three Cases. ,1. Orthop. Surg., I, 625, Oct. 1919. 

Cauuei.l, W. B.: Transplantation of the Fibula in the Same Leg. Transposition of the 
Fibula for Ixiss of the Tibial Diaphysis. J. Bone and Joint Surg., XX, 627, July 1938. 

ConONN’A, P. C.: Congenital Pscudarthrosis of the Leg. Three Cases Treated by Mas- 
sive Bone Graft. J. Am. Med. Assn., CIII, 2012, 1934. 

CiiEvssEL, J., ET Colson, P. : Modifications des os de la jambe dans un cas d’operation 
de Hahn-Huntington. Ann. d'Anat. Path., XIII, 545, 1936. 

Eike.nbahy, C. F. : Transplantation of the Entire Fibula to Replace the Tibia. North- 
west Med., XXVII, 284, 1928. 

Duchoquet et Cottaud: Pscudarthrose congdnitalc de jambe. Ddformation osseuse 
de la neurofibromatose. J. de Chin, LIII, 483, 1939. 

Girdlestone, G. R., and Foley, W. B.: Extensive Loss of Tibial Diaphysis; Tibio- 
Fibular Grafting. British J. Surg., XX, 467, 1933. 

Hahn, Eugen: Eine Methode, Pseudarthrosen dcr Tibia mit grossem Knochendefekt 
zur Heilung zu bingen. Zentralbl. f. Chin, XI, 337, 1884. 

Hallock, Halford: The Use of Multiple Small Bone Transplants in the Treatment of 
Pscudarthrosis of the Tibia of Congenital Origin or Following Osteotomy for the 
Correction of Congenital Deformity. J. Bone and Joint Surg., XX, 648, July 1938. 

Henderson, M. S.: Congenital Pseudarthrosis of the Tibia. J. Bone and Joint Surg., 
X, 483, Apr. 1928. 

Huntington, T. W. : Case of Bone Transference. Use of a Segment of Fibula to Supply 
a Defect in the Tibia. Ann. Surg., XLI, 249, 1905. 

Mandruzzato, F. : La sostituzione peroneale della tibia. Arch, di Ortop., LV, 99, 1939. 

Marconi, Sandro: Perone pro tibia. Considerazioni su 4 casi operati. Chir. d. Org. 
di Movimento, XXIV, 552, 1939. 

Mariantischik, L. P. : Uber den Ersatz der Tibia bei totaler Resektion der Diaphyse. 
Zentralbl. f. Chir., LVI, 971, 1929. 

Moulonguet, P.: Transplantation du p6ron4 pour rdparer une perte de substance du 
tibia. Bull, et M5m. Soc. Nat. de Chir., LV, 819, 1929. 

MiiLLENDER, Anton: Zur Frage der Fibulaimplantation bei grossen Tibiadefekten. 
Zentralbl. f. Chir., LVI, 1924, 1929. 

Rich, E. A.: Fibular Transplant. J. Bone and Joint Surg., XI, 398, Apr. 1929. 

Satta, F.: Perone pro tibia (Trapianto di Hahn). Arch, di Ortop., XLV, 762, 1929. 

Stewart, W. J. : Osteosynthesis Preceding Extensive Bone-Grafting. J. Bone and 
Joint Surg., XXII, 403, Apr. 1940. 

Stone, J. S. : Partial Loss of the Tibia Replaced by Transfer of the Fibula, with Main- 
tenance of Both Malleoli of the Ankle. Ann. Surg., XLVI, 628, 1907. 


VOL. XXIII. no. 3, JULY 1941 



SP( )X 'FAX ECUS FRACTURE OF THE FEMORAL NECK FOLLOW- 
IXG ROENTGEN-RAY THERAPY OVER THE PELVIS 


BY DONALD MIGHT, M.D., WORCESTER, MASSACHUSETTS 

From the Pondville Hospital, Massachusetts Department of Public Health, 
Wrev tham , il fassach u set Is 


Spontaiipous fracture of the femoral neck, following roentgen-ray 
1 lu'i apy directed over the pelvis for the treatment of malignant disease, is 
I'ortunately an unusual complication of such ti’catment. It is sufficiently 
important, however, to warrant the con.sideration of those who use roent- 
g<m-iay therapy, and should be borne in mind whenever the dosage and 
I he size and position of the portals are being jdanned for the treatment of 
malignant disease within or about the pelvis. Because there are rela- 
n \ elv few reports in the literature concerning spontaneous fracture of the 
U'lnoral neck following roentgen-ray therapy, and since there seems to be 
■misiderable ^'ariation in the incidence of this complication in large series 
>'1 cases receiving roentgen-ra.y therapy over the pelvis, the experience 
icimiding this entity is being reported with the hope that, as more data 
ni uathered concerning it, the important factors regarding its cause MU 
’Miome apparent. Measures can then be taken more intelligently to 


auai'd against its occurrence in the future. 

Although this entity was first reported in 1927 by Baensch', only a 
lew case reports appeared in the literature until 1936 when Dalby, Jacox, 
and Miller reviewed a series of 471 patients who had received roentgen- 
l aN- therapy over the pelvis. In this group, there were ten ca.ses of frac- 
ture of the femoral neck, an incidence of 2.1 per cent. In May 1939, 
Peek reported an incidence of 2.8 per cent, in 1026 cases of pelvic malig- 
nancy treated bj" roentgen-ray. These reports arc quite interesting, not 
only because of the pathological material which was available foi stu }, 
but also because of the high incidence of this complication follmnng 
roentgen-ray therapy over the pelvis. It is not immediately apparen 
whj^ the latter should be high in some clinics and low in others, v leie 
cases with the same t 3 qaes of jiathologj'^ are treated with roentgen raj 
therapy and are carefull}'- followed afterwards. 

A review of the cases of primaiy malignancj'’ in the region o ^ 
pelvis, which were treated bj"^ roentgen-raj'^ in this Hospital, ® 
total of 1084 cases between the jmars of 1927 and 1939. Some o ^ 
patients had both roentgen-raj'^ thei'apj^ and radium, but others, " ^ 

ceived radium alone, are not included in this series. In this entue gi 
there has been one case of fracture of the femoral neck without 
of metastatic malignancj’’ to account for the fracture, an incidence ® 
per cent. All other cases of fracture of the femoral neck have jjg 

genographic findings characteristic of metastatic disease. In spi 

tvt 
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nirily il is l)(>li('vi'd llial flip following case of fracture of the femoral neck 
is not due to metastatic disease, but- to changes secondary to roentgen-ray 
therajiy, — namely, fibrosis resulting in impaired blood supply and os- 
teoporosis. 

All American toolmaker, fifty-eiRlit years of age, was first seen in the Out-Patient 
Department on Seiilemlier 1, HKJ7, hecau.se of a sore on the penis. lie gave a history of 
having had a circumeision thive years pn'viously. Following this, there remained a small 
area near the fraenum which failed to heal. The patient neglected to have anything done 
ahout it until fourteen months before his visit to the Out-Patient Department. The 
lesion was then lemoved by his famib’ doctor who told him that it was a cancer. Several 
months later, a recurrence appeared for which he received a few “electrical treatments’’. 
In spile of these, the i-c'curi-ence rapidly increased in size, and, at the time of his visit to 
the Out-Patient Department, was causing considerable pain in the penis and perineum. 

The past history, marital history, and family history were essentially negative, 
except that his father died of carcinoma of the throat. 

Physical examination showed a well-developed, well-nourished man of fifty-eight 
with good color. Heart, lungs, .and abdomen were essentialh' negative. A firm node 
could he felt in the right inguinal region, the nature of which was questionable, because 
of extensive infection in the ulcerating new growth involving the penis. The glans was 
almost completely eroded by the tumor, which also extended a short distance along the 
shaft of the penis. The scrotum was negative to e.xamination. 

The patient was admitted to the Hospital at once. After a period during which 
antiseptic dressings were applied to the ulceiating area on the glans, a radical amputation 
of the penis was done, and the urethra was transplanted to a perineal opening. Follow- 
ing a satisfactory postoperative convalescence, he was given a series of roentgen-ray 
treatments consisting of 1000 roentgen units to each groin through portals, ten by fifteen 
centimeters, over each groin. He received 400 roentgens at each treatment from a 
200-kilovolt machine, with .5 millimeters of copper for filtration at a distance of fifty centi- 
meters. He was discharged on October 28, 1937. 

The patient was followed in the Out-Patient Department, and, when seen there on 
Februarj' 9, 1938, about four months after his discharge from the Hospital, his only com- 
plaint was pain in the left leg, aggravated by weight-bearing. E.xamination of the opera- 
tive scars and groins showed no evidence of recurrence, and the perineal urethral opening 
was functioning well. A roentgenogram of the patient’s left hip at that time revealed 
evidence suggestive of a fracture of the neck of the left femur with slight deformity 
(Fig. 1). The duration of this fracture, however, could not be determined by the roent- 
genographic findings. When the patient was next seen in the Out-Patient Department 
on October 19, 1938, eight months later, he was walking with the aid of two canes, and 
had a considerable limp. On examination, he was found to have limitation of motion 
of both hips, more marked on the left, and spasm about the left hip. Again there was no 
evidence of recurrence in the region of the operative scars or in either groin. Roent- 
genograms of the pelvis and both hips showed marked arteriosclerosis and generalized 
osteoporosis. There was further rarefaction of the left femoral head and neck, and no 
evidence of callus formation at the fracture line (Fig. 2). A fracture had also occurred 
in the right femoral neck, but there was slight evidence of healing with a coxa varus 
deformity. 

The patient was admitted to the Hospital for the second time on October 23, 1938, for 
further study. Roentgenograms of the patient’s skull, chest, and extremities, with the 
exception of the right tibia, were essentiallj"^ negative. In the upper portion of the right 
tibia a small, elongated cavity was found. This contained irregular areas of calcification, 
suggesting an old healed osteomyelitis with small sequesti-a. 

Laboratory studies of the patient’s blood revealed a slight secondarj’- anaemia. The 
blood calcium was 10 milligrams per 100 cubic centimeters of blood and the phosphorus, 

3 milligrams per 100 cubic centimeters of blood. The blood Wassermann was negative. 
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are being considered to prevent further erosion of the acetabulum. The old fracture 
of the right femoral neck, which healed with a coxa varus deformity, can also be noted. 

It became apparent, therefore, that the patient had no marked generalized disturbance 
of calcium and phosphorus metabolism, and that the osteoporosis was chiefly limited to 
the bones of the pelvis and upper femora. 

The patient was seen by an orthopaedic consultant who advised the insertion of a 
triflanged nail in the left hip, since there was no evidence of healing. This was done at 
the Massachusetts General Hospital. During his convalescence, repeated blood calcium 
and phosphorus determinations were again essentially normal. The quantitative 
twenty-four-hour output of calcium in the urine, while the patient was on a low-calcium 
diet, was also normal. He was finally discharged from the Hospital on February 19, 1939. 
M that time, he was able to get about quite \vell with the slight aid of crutches. 

The marked degree of localized osteoporosis can be seen in the photographs which 
show the hip before the nail was inserted (Figs. 1 and 2).* 

The patient has returned periodically to the Out-Patient Department. On Novem- 
ber 11, 1939, he was still using crutches some, and walked with a definite limp. His gen- 
eral condition, however, was good and there was no evidence of recurrence either in the 
groin or in the region of the operative scar. Roentgenograms of both hips showed a per- 
sisting slight coxa varus deformity of the right femoral neck. There was no evidence of 
callus formation about the fracture in the left femoral neck. 

He was last seen on April 2, 1941, three and one-half years after his first operation at 
this Hospital. No evidence of recurrent malignancy was found either in the region of the 
operative scar or in the groin. Roentgenograms of the patient’s pelvis and hips (Fig. 3) 
show the coxa varus deformity of the right femoral neck. Following the insertion of the 
Smith-Petersen nail, about twenty-nine months ago, the femoral head was fixed so as to 
permit weight-bearing on the normal joint surfaces. Since then the upper portion of the 
femoral head has undergone further absorption, thereby leaving the upper aspect of the 
* These photographs were loaned to and used by Batt and Hampton.’ 
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inner end of the nail uncovered. As a result of this, the nail impinges on the acetab- 
ulum causing erosion of its upper surface as the patient walks. The patient, however, 
gets around surprisingly well. 

There has not yet been opjjortiinity to stud.y microscopically the 
changes present in the femoral neck which fractured follotwng radiation. 
However, in view of the changes known to occur in tissues following radia- 
tion. it would appear logical that fibrosis and decreased vascularity might 
also occur in bone following roentgen-ray therapy. Furthermore, when 
a patient already has marked arteriosclerosis, with changes in the larger 
vessels which can be visualized by roentgen-ray, it would seem likely that 
additional damage to the walls of the smaller arteries, such as thickening 
and hyalinization follovdng radiation, would seriously impair their func- 
tion, if not actually occlude them. According to Dalby, Jacox, and 
Miller, who have had pathological material to examine in such cases, 
these changes do occur. Becau.se the blood .supply to the femoral neck 
is relatively vulnerable, particularly in older people, radiation changes 
might be expected to result in serious impairment of the nutrition of this 
structure with such secondary effects as osteoporosis. Fracture of the 
femoral neck could then be expected without trauma. It is of interest 
to note that there was no history of trauma in the case just reviewed, or 
in most of the cases reported by Dalby, Jacox, and Miller. 

In view of the incidence of fracture of the femoral neck, 2.1 per cent., 
as reported by Dalb}'', Jacox, and Miller in their series of 471 cases, it is 
surprising that this entity has not been reported more often by other 
clinics where large numbers of cases are treated. A review of the tec i- 
nique of roentgen-ray treatment at this Hospital reveals that the roentgen- 
ray portals are seldom large enough or so placed as to include the region 
of the femoral heads and necks. The cases of pelvic malignancy wine i 
are treated with roentgeir-ray therapj" are usuall}'’ giAmn treatment thioug i 
four pehde portals not larger than ten by ten centimeters, and are p ace 
near the mid-line. Formerly tAvo large portals tAventy bj^ tAventy cen 
meters, one anteriorlj’- and one posteriorly, Avere used. Occasiona ^^^a 
perineal portal not larger than ten b}’’ ten centimeters Avas use . 
dosage depends on the location and nature of the malignancy, but se 
exceeds 1800 roentgens per portal during one series of trea mei 
The use of a 200-kilovolt machine AA'ith a filtration of .5 milhme ei 
copper at a distance of fifty centimeters is the standard technique. ^ 

In the case just rcAdeAved, it Avill be noted that the patieiit 
a total of 1600 roentgens through each of Iaa^o portals, ten y 
centimeters, and, furthermore, that these portals Avere locate oa 
groins. Inasmuch as there are many other cases in the 
received roentgen-ray treatment OA^er the groins in eqixal or 
AAuthout apparent change in the femoral neck, one is not jus i 
these data, in assuming that the pathological changes are p,e 

changes secondary to roentgen-ray per se. It Avould seem i ^ jjn 
extent of Amscular damage already caused by arteriosclerosis aa 
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iniport.'inl conlrihuling factor. It i.s conceivable, Iiowever, that large 
(loses of roc'iilgon-ray flK'rap}^ or roiieatcd doHc.s tlirougii portahs in- 
cluding the femoral necks, Avould cau.se .sufficient fibro.sis eventually to 
give the .'^anie end result of ostc'ojioro.sis and fracture. The failure of 
callus to form is not surprising in vic'w of the marked va.scular di.sturbance. 
A fibrous union doc’s form, and aiiparently may become .sufficiently .strong 
to jiermit some ch'gree of weight-bearing. 

.SU.MMARY 

1. The case of fracture of the femoral neck here reported is the first at 
this Hosjiital in a series of 1084 cases receiving roentgen-ray treatment 
over the pelvis, an incidence of .09 per cent. 

2. The fracture iTsulted from weight-bearing in the presence of 
marked ostcojiorosis, developing in a bone whose blood supply had first 
been im]3aired b}" arteriosclerosis, and was then further damaged by 
roentgen-ray therap}’’ and fibrosis. 

3. At the present time, about three j'^ears .since the fracture oc- 
curred, there has been no callus formation demonstrable by roentgeno- 
grams. 

4. When roentgen-ray treatment is given over the pelvis, the portals 
should be placed so tliat they do not include the region of the femoral 
necks. If this is unavoidable, the portals should be as small as possible. 
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SUBCLAVICULAR DISLOCATION OF THE OAIOHYOID iMUSCLE 
BY RUPTURE OF ITS BINDING FASCIA 


BY H. L. WENGER, M.B., NEW YORK, N. Y. 


A thorough search of the literature has failed to show any case of 
dislocation of the omohyoid muscle by rupture of its binding fascia fol- 
lowing an indirect trauma. A i-eport of a case is, therefore, of interest. 

H. B., a white male, forty yeais old, who was a sheet-metal worker, had noted a 
“lump m his left shoulder” about a week before examination. It was located in the 
posterior triangle of the neck. About a week earlier, he had been lifting a heavy 
piece of machinery and felt a snap in the shoulder, followed by immediate seveie pain in 
the left shoulder and in the left side of the neck. During the next two days the pain 
gradually decreased until he became free of pain. A week after the injury, as he was shav- 
ing, he noticed a large lump above his left collar bone. The past history was irrelevant. 

Directly above tbe middle of the left clavicle there was a mass, approximately three 
inches in diameter (Fig. 1). The function of the left upper extremity was unimpaired. 
There was no pulsation of the mass nor was there impulse on coughing. Inspiration 
caused no change in the size of the mass. It was soft and easily reduced. The absence 
of pulsation, thrill, or bruit eliminated the possibility of a traumatic aneurysm of the 
subclavian artery. Auscultation ruled out any' pulmonary pathology. 

It was particularly noticed that when the scapula was depressed by downward pu 
upon the slightly abducted and flexed arm, the mass disappeared (Fig. 2). The easi y 
palpable edges of the trapezius and sternocleidomastoid muscles were found not to e 
involved. The only structure tliat would explain this phenomenon was the omohyoi 
muscle. A preoperative diagnosis of rupture of the omohyoid muf'cle and tear o t le 
cervical fascia was made. 

The patient was admitted to the New York Post Graduate Hospital on Decern er 
28, 1939. Under cyclopropane-oxygen anaesthesia, a curved horizontal incision n as 
made in the base of the neck, fl'his incision was placed about a fingerbreadt a ov 
the left clavicle and began at the posterior edge of the sternocleidomastoid muse 
ran laterally toward the trapezius. The platysma was dissected through blunt y, an 
supraclavicular fossa exposed. The supraclavicular nerves were identified and re rao 
The patient was then forced by the anaesthetist to inhale strongly, which cause a 



Fig. 1 


Fig. 2 
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ing of the apex of the lung which had protruded into the supraclavicular fossa. The 
omohyoid muscle was found, after long search, behind the clavicle, torn from its binding, 
deep cervical fascia. Sibson’s fascia over the cupola of the lung was also torn (Fig. 3). 
The central tendinous part of the omohyoid muscle was sutured to the cervical fascia 
near the apex of the lung, restoring the angle of the omohyoid. The tissues over the 
apex of the lung were reinforced by suture. The wound was closed in layers and a rub- 
ber drain inserted superficially. 

The postoperative course was not eventful and the patient was discharged on the 
second postoperative daj’ with the left arm in a sling. 

A biop.sy of the adjacent trapezius muscle showed muscle fibers closelj' packed in 
bundles. They were in part normally striated, and in part homogeneous and hyaline. 
Some showed basophilic staining and some necrotic nuclei with fine^stippling, with here 
and there extravasations of blood, indicating traumatized and degenerated muscle. 

The immediate end result of this case was satisfactory. The patient has no disabil- 
ity at the present time although he is conscious of a small bulge in the supraclavicular 
fossa. This is visible to the e.xaminer, but is very much smaller than the original mass. 
He returned to heavy work about two and one-half months after the operation. The 
overlying scar in the neck is rather dense and adherent to the underlying structures. 

SUMMARY 

A hitherto unrecorded subclavicular dislocation of the omohyoid 
muscle by rupture of its binding fascia, following indirect trauma, is 
reported. The apex of the lung bulged into the supraclavicular fossa on 
inspiration because its covering cervical fascia had been torn. In the 
differential diagnosis, it is absolutely necessary that aneurysm of the 
subclavian artery be ruled out. It is a tribute to the strength and bind- 
ing power of the deep cervical fascia, as of all deep fascia, that it is so seldom 
torn by indirect violence. 
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GIANT-CELL SYNOVIAL TUMOR OF THE KNEE 


BY MAURICE H. HERZMARK, M.B., NEW A'ORK, N. Y. 

From (he Hospital for Joint Diseases, New York 

Solitary tumors of the articular structures of joints are comparatively 
rare and a preoperative diagnosis is seldom made. De Santo and Wilson^ 
hai^e recently reidewed 109 cases of tumoi’s of the simovial membrane 
and found only five of the giant-cell variety. This neoplasm is regarded 
as benign, but local recurrence may take place and postoperative radiation 
should be advised. 


CASE HISTORY 

J. R., American Xegro, aged fifty-two, was fiist scon by the author on March 1, 1939. 
He stated that he had fallen down a flight of stairs on June 25, 1938, during which fall he 
had twisted the right knee. It became painful and swollen, and he consulted a phj'siciati 
vho tieated him with physiotherapy for several months. He continued to work, but 
m the couise of time the knee became continuously more painful and swollen. 

Examination nine months after injury showed the patient in good geneial condition. 
He nalked with a slight limp on the right side and did not completely extend the knee. 
In the recumbent position the angle of greatest flexion was 90 degi ees, and the angle of 
gieatest extension 170 degrees. The knee was distended with fluid and was one inch 
larger than the left. There was definite localized tenderness over the medial meniscus, 
and lotation of the leg inwaid upon the thigh caused seveie pain, but external lotatioii 
pioduced no discomfort. A diagnosis of internal derangement was made, and meniscec- 
tomy was advised. Roentgenographic examination showed no pathology of any kind, 
other than the distention of the joint with fluid. 



Tig. 1 

View of interior of knee joint, showing the tumor. T)„t,.nrtpd patella- 

A: Solitary tumor arising from synovial membrane. B: Ite 
C: Hypertrophied synovial membrane. D: Enlarged fat p^ 
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Fig 2 

Photomieiogiaph of section of tumoi tissue. A. Giant coll B Fibious stioma. C “Syiiovium-like” cells 
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A week after this examination, the distention of his knee was very much greater. 
The joint was aspirated and about 60 cubic centimeters of dark, oily, amber-colored fluid 
was removed. The knee was bandaged. The aspiration was repeated about a week 
later. The joint became distended again and the patient was admitted to the Hospital 
for Joint Diseases on March 27, 1939. Examination on admission show’ed the condition 
to be similar to that previously described, with the addition of distention posteriorly. 
Diagnosis of a possible Baker’s cj'st was made. 

An arthrotomy was performed April 4, 1939, through a median parapatellar incision. 
On opening the joint, there was a gush of considerable synovial fluid. The medial menis- 
cus showed a very small tear and was removed. Imbedded in the fat pad, but arising 
from the synovial membrane reflected over it, there was a yellowish tumor resembling a 
xanthoma. This was completely excised, the wound closed in the usual manner, and a 
compression bandage applied. The patient made an uneventful recovery and on April 
19, 1939, was discharged, walking with the aid of crutches. He was treated postopera- 
tively with physiotherapy, and on June 9, 1939, was able to return to work. Examina- 
tion on that day showed that the right knee was moderately swollen. There was no 
fluid in the popliteal region, and motion of the knee was possible from 180 degrees of ex- 
tension to 75 degrees of flexion. Measurements showed that the right knee was only half 
an inch larger than the left. 

The pathological report of tissue removed, made by Henry L. Jaffe, M.D., was: 
“Gross Examination: The specimen consisted of a lesion removed from the region of 
the ligamentum mucosum. Beneath the synovial lining, there was a rather firm, brown- 
ishly discolored, lobulated tumorous growth which measured roughly 2.6 by 2 by 1.5 
centimeters. The material received also included a fragment of somewhat injecte 
synovial membrane. Within the latter, a small whitish (in places yellowish) and di^ 
colored, discrete nodule, one centimeter in greatest diameter, was encountered, 
meniscus was also received which showed nothing remarkable. 

“Microscopic Examination: Sections showed well-circumscribed tumor nodules wi 
nearby bits of synovial membrane and pieces from other points in the joint. The tumor 
nodules occupied the entire thickness of the synovial and subsynovial membrane. 6 
tissue consisted of a fibrous stroma containing myriad ‘synovium-like’ cells an many 
giant cells. There was no evidence of lipoid-containing foam cells in the routine 
fat-stain sections. A small amount of hemosiderin was present. The neig 
synovial and subsynovial membrane was sharply demarcated from the tumor no 
but showmd some villous formation, hyperplasia, and hypertrophy of the synovia ce ^ 
There were several focal collections of lymphocytes. The whitish nodule g 

of highly collagenous fibrous tissue W'hich had apparently undergone traurnatic am 
“Diagnosis: Giant-cell tumor of the synovial membrane of the knee join . gg 

Although this patient has been working since June 9, 1939, there has been ® ^ 

of pain and swelling of the right knee. To relieve this, physiotherapy vas ms 
carried out for a number of months wdthout much improvement. tlv swollen 

Examination made in October 1939, revealed that the right knee w^ s ig i jgggges, 
and contained a small quantity of fluid. Extension was restricted to a ou 
and flexion to 90. The patient walked with a limp on the right si e. jnstituted 
limb was accompanied by pain. He was referred to Dr. James ^„gi, units 

deep roentgen-ray therapy. A full course of treatments consisting o ij—gg the last 
to the front and 200 roentgen units to the back of the knee was given ve 
one on January 3, 1940. , ^ examined, in 

Following this treatment, the patient returned to work j.^gg glowed 

August 1940, gave no evidence of recurrence of the tumor, althoug 
limitation of about 10 degrees in extension and of about 15 degrees m ogcupatio” 
At the present time (October 1940), this patient is carrying on 


of elevator operator and porter. 

1. De Santo, D. A., and Wilson, P. D. 
and Joint Surg., XXI, 531, July 1939. 
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TUBICHCUI.OSIS OF THF SHOULDER 
A lH;i>oitT OK Fouii Casks 'I'Hi;A’rK» by Okkuative Fusion 

BY .lOHN A. MUHl’HY, M.I)., CKKVKLANI), OHIO, AND CHARLES WOOD, M.D., 

LOUISVILLE, KENTUCKY 

From tlir OrlliopnnUr Srrvirf of (hr Department of Surgery of the University Hospitals of 
Clrvelantl, amt the IlVsImi Reserve University School of Medicine 

Tuberculosis of Ihe shoulder must, be dilTerentialod from chronic 
disabilities of the shoulder which are chiefly the degenerative, traumatic, 
and infectious art hrit ides, and the cases of long-standing periarticular 
calcification and bursitis. 

I'he prognosis after treatment is generallj’’ good in uncomplicated 
cases, but poor when active pulmonary disease or local abscess is present. 

The primary treatment is that of general supportive measures. 
Local treatment, may be conservative or operative. Conservative treat- 
ment has for its aim the healing of the .shoulder joint in an optimum 
position for function through the various methods of extrinsic splinting 
only. B\’ this method fibrous ankylosis ma.y occur in three to five years, 
but it is generally insecure, and the arm from its own weight gradually 
lo.«cs its de.sirable abducted po.sition, and ultimatel.y comes to rest in a 
poor functional position. 

In the operative field, the procedure of choice in the uncomplicated 
cases is extra-articular fusion by means of an osteoperiosteal graft from 
the acromion to the neck of the humerus. Provided that postoperative 
splinting is proper and of sufficient duration, intra-articular healing and 
bonA’ ankjdosis almost inevitabh”^ occur. The arm should be slightl}'^ 
forward and abducted to 70 degrees. Solid fusion has generally taken 
place in four to eight months. The outcome following intra-articular 
fu.sion is unpredictable. 

Briefly, the operative technique is as follows: The preoperative 
orthopaedic preparation is applied to the shoulder and to the opposite 
leg. Operation is done on the Hawley table. One or two osteoperiosteal 
grafts (depending upon the size of the patient), measuring one-half by 
three inches in size, are removed from the tibia and set aside in saline 
packs. The leg wound is closed. An anterior deltoid-splitting incision, 
extending over the acromion process, is made, the fibroperiosteum of 
the acromion and upper humerus is incised and stripped aside, the 
smooth cortical surface of the acromion and upper humerus is denuded 
with an osteotome, and the osseous surfaces of the graft are applied to 
this raw bed of bone. The joint is not entered. Fibroperiosteum is 
sutured over the grafts with chromic catgut and this holds them securely 
in place, for during the process the arm has been held in the desired 
position. The soft tissues are closed in the usual fashion, and the skin 
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is suIukmI witli silk A j)lns(('i shouidor sj)ica is ap))Iio(l with (lie aim 
in ahmit 70 dcgioi's’ alxiurlion. slightly foiwaid and in noidial lotation 

nri'OHT or c\sls 

t’lsc ] i; IC , !i wliilo fpiivili', !iKC(l fiirlv-piKlit, was first rulmitfcd to tiro hospital 
on .^cjitcnihor Ki, I'fh), witli a history of \aKUP, inlorinitti'iit ji'iin in the light shoulder 
joint for twcnt\-fi\c \eits ’I'here was oicasional ladiation to the fingci tips The 
pun siiddonh heciine woi'-e five months before admission, and marked limitation of 
motion h id oKiirred There was no histoiv of ti.iiima oi tuben iilosis (ontacts 

There was moderate geneiahi’i'd aliojihv of the light shoulder joint and the arm 
was fixed in adduetion All atteiniited motions were painful Xo infiammatoij signs 
were present Hoentgenograms showed an iiiegulaiity of the held of the humeius 
and multiple are is of rarefai tioii in the hum- 
erus and the glenoid {I'lg 1-A). Laboiatoij, 
studies were normal 

IXiiloration was cairiod out and the 
joint was found to be filled with soft, fiiable, 
whitish-gra\ granulation tissue This same 
material had replaced jiart of the htimeial 
held. .\rti(ular e.irtilagc and neeiotie bone 
of humerus and glenoid were removed and a 
plaster abduction spaa was apiihed Miero- 
seopu examination of the removed tissue re- 

xealed tuberculosis 

After six months of spaa fixation, no 
fusion had occurred On Tebruary 23, 1937, 
an extra-articular fusion with a tibial osteo- 
periosteal graft was done by Dr Maxwell 
Harbin An abduction spica was worn for 
SIX months when sohd bony ankylosis had 
occurred (Fig 1-13) 

Since then she has had a stable painless 
shoulder and ha' had no rcstiiction in the use 
of the arm (Fig 1-C) 

Case 2 R S , a w lute male, eleven 
years of age, entered the hospital on April 8, 

1930, with the complaint of pain in the light 
shoulder of one month’s duration Thei e w as 
no history of tiauma oi other joint disease 
His fathei had died from pulmonaiy tubei- 
culosis 

There w as moderate generahred atrophy of the right shouldei joint w ith fixed adduc- 
tion to the chest wall No passive motion was permitted Theie was no local heat or 
tendeiness present Roentgenogiams showed extensive destruction of the upper hu- 
merus, the capital epiphysis, and the glenoid (Fig 2-A) A tuberculin test (1 1000 
human) w as strongly positive The laboratoiy findings w ei e normal 

Because of his age, conseivative treatment in an abduction spica was earned out 
for SIX months, but fusion did not occur, and the abduction giadually decreased during 
the next five months On March 6, 1937, an extra-ai ticulai fusion with a tibial 
osteoperiosteal graft was done by Dr Maxwell Harbin, and an abduction spica was 
applied 

Micioscopic examination of the removed gianulation tissue revealed scar tissue, 
the seat of chronic inflammation, with no evidence of tuberculosis Sohd bony union 



Pig 1-C 

Case 1 Double-exposure photo- 
giaph shows range of abduction of 
light humeius, one j^eai following 
exti a-articular opei ation 
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orrnrml in finir inonllis (I'if;. 2-H). lie Inis n painless .sfjibleslioiildcrwitli no limitation 
of Use (I'ic- 2-C). 

('a^e 3. G. a white male, eleven years of aRe, was atimitted to the hospital in 
November 103((, for an arthrodesis of a tubereiilous left hi|). For two weeks prior to 
admi'-'-ion he had eomidained of pain in the riKht shoulder without any history of trauma. 

Slitiht atrojihy of tlie rifiht shoulder joint was present, and abduction bc 3 ’ond 45 
deKtees was painful. HoentRenoKranis revealed an e.xtensivc destructive proce.s.s in- 
volvinp the head of the humerus and the plenoid (Fip. .3-B). Lalioratorj’ findings 
were normal. 

During his eonvale.'-cenec from the hip arihrode.sis, the shoulder was treated con- 
servatively. On July 22, 1!1.37, Dr. Maxwell Harbin performed an extra-articular fusion 
of the shoulder joint with a tibial osteoperiosteal graft. Microscopic examination of 
the granulation tissue reve.aled tuliereulosis. .Solid bonj' ank.ylosis occurred after four 
months of abduction splinting (I'ig. 3-C). 

At present, the right shoulder and left hip are painle.ss and stable, and the patient 
enjoj’s normal activities (I'ig. 3-A). 

Case 4. It. X., a white male, eight j'cars of age, was admitted to the hospital in 
Xovember 1030, because of a /winful right .shoulder of ten months’ duration. From 
September 1031 to October 1034 he was treated in another citj’ for dor.sal Pott’s disease. 
He made an e.xcellcnt recovery from a .spine fusion and was well until pain in the shoulder 
occurred. 

There was marked difTu.se atrophy and mu.scle spasm of the right shoulder joint. 
All motion was iiainful. 'J’here was tcndcrnc.ss to pressure over the anterior joint 
space. He had marked lower dor.sal kj'phosis. Roentgenograms, taken on admission 




Fig. 2-C 

Case 2. Double-exposure photo- 
graph taken six months after operation 
shows excellent range of abduction. 


Fig. 3-A 

Case 3. Double-e.xposure photo- 
graph, taken six months after operation, 
shows excellent range of abduction. 
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and others taken nine months later, revealed an extensive destruction of the humeral 
head and the glenoid (Fig. 4- A). Sedimentation rate was accelerated. 

For one year he was treated conservatively in plaster abduction spicas, but fusion did 



Fig. 3-B 

Case 3. Preoperative roentgenogram of the right shoulder taken November 
27, 1936, shows marked destruction of the head of the humerus and the ge 
cavity. 



Fig, 3-G uarters 

Case 3. Roentgenogram, taken December 14, 1937, four and 
months after e.xtra-articular fusion, shows good bony union. 
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Tic. -I-A 

■!. IV('(ii)frnlivc n)OiitK('no);r:iin of (he 
riRl)t sliouhier, tahen Aupi'-t 21, 1037, afler nine 
inondi"; of coii'-ervative tl•eatnltMl(, shows an 
extensive de-tnietion f)f (lie epiphysis of (he 
hiiinerus and of (he plenoid eavity. 



Fig. 4-B 


Case 4. lloentgonogram, taken April IG, 
1938, five months after operation, shows solid 
bonj' fusion between the humerus and scapula. 



Fig. 4-C 

Case 4. Double-exposure pho- 
tograph taken six months after 
operation shows range of abduc- 
tion. 

not occur. An extra-articular fusion 
with a tibial osteoperiosteal graft 
was done on November 13, 1937, 
and bony ankylosis was complete 
in five months (Fig. 4-B). Micro- 
scopic examination of the removed 
granulation tissue had confirmed the 
diagnosis of tuberculosis. He has a 
painless stable shoulder with ex- 
cellent range of motion (Fig. 4-C). 


SUMMARY 


Fouc case.s of tubecculo.sis of the shoulder which were treated by extra- 
articular arthrode.sis arc presented. Three cases occurred in male children, 
and the fourth in an adult female. All involved the right shoulder joint. 
No hi.story of local trauma was elicited in any case. The shortest duration 
of .sj-mptoms before diagnosis was made was two weeks and the longest 
duration was twenty-five tmars. Extra-articular fusion was done on 
these four patients, and bony ankylosis was demonstrated clinicallj^ and 
roentgenological^^ four to six months after operation. Ankylosis occurred 
in six months in the adult female, in rvhom a previous intra-articular fusion 
had met with failure. The juvenile patients showed solid ankjdosis in 
four to five months after operation, whereas conservative treatment for 
periods of six, eight, and twelve months, respectively, had failed to pro- 
duce fusion. 

The authors believe that extra-articular arthrodesis of the tubercu- 
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lous shoulder joint should be carried out as soon as the diagnosis is estab- 
lished, provided that none of the more serious local or systemic compli- 
cations are present. Intra-articular arthrodesis is unreliable, as evidenced 
by the failure of fusion in our adult patient, and conservative treatment 
furnishes no guarantee of healing, unless perhaps fixation be carried out 
for an interminable period. The shoulder joints of the four patients are 
healed and are functionally excellent. 
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IRRKDUC'IBLK LATERAL DISLOCATION OF THE PATELLA 

^^•^^I-I RO'FA'ITOX 

A Cask Rki’oht 

BY VKItXK T. IXMAX. M.D., AXD BHKT W. SMART, M.D., 

SAX I'HAXCISCO, CAUFORXIA 

From the Department of Orthopaedic Surgenj, I'nii'crmtij of California Medical School, 
San Francisco, and the Orthopaedic Sereicr, San Francisco County Hospital, Department of 

Ftihlic Health 

Robert Liston is credited with the remark that, “he never had the 
fortune to perform the good office of reducing a patella for a patient”. 
Tlie inference, of coui>e, is that the di.sloeated patella u.suall.y reduces 
it. self before the arrival of the surgeon. While most dislocations of the 
patella arc readily redueed, there have been reported, from time to time, 
cases of luxated patellae which have defied all attempts at closed reduc- 
tion. Usually these dislocations have been complicated bj" fractures, 
luxations of the tibia, or rotary displacements of the patella. The case 
reported in this communication is of interest in that the lateral dislocation 
was associated with a comiilete rotation of the patella about its longi- 
tudinal axis. 

CASE REPORT 

T.P., an electrician, aged forty-three, was brought to the Emergency Hospital in the 
afternoon of February 3, 1940. He had parked his automobile in the driveway about ten 
feet from the garage doors. The driveway sloped rather steeply downward into the 
garage. Aftei- setting the hand brake and aligliting from the car, he proceeded to unlock 
the garage doors. The brakes loosened and the automobile rolled down upon him. He 
attempted to avoid being crushed between the oncoming car and the door by jumping in the 
air and grasping the radiator cap with his hands. His left knee was caught between the 
fender of the car and the closed door. The impact was sufficient to tear the door from 

its hinges and carried him, still 
clinging to the radiator cap, into the 
interior of the garage. 

E.xamination of the patient on 
arrival at the Emergency Hospital 
disclosed slight swelling of the left 
knee. There were abrasions over 
both the inner and outer aspects of 
the knee. The patella could be 
easilj’^ palpated, lying in the sagittal 
plane over the outer edge of the 
lateral femoral condyle, and the diag- 
nosis of a lateral dislocation of the 
patella was obvious (Fig. 1 ) . Roent- 
genograms were secured which sub- 
stantiated the clinical findings and 
in addition revealed an insignificant 
fracture of the lateral femoral condyle. 



Appearance of left knee prior to reduction. 


V’OL. xxni, NO. 3, JULY 1941 


695 



696 


V. T. INMAN AND B. W. SMART 


An attempt was made to reduce the patella without anaesthesia. Pressure was 
exerted with both thumbs on its posterior edge, but the patella remained immovable. 
Ether anaesthesia was administered and after complete relaxation, reduction was again 
attempted. In spite of full flexion of the hip and extension of the knee, every trial proved 
ineffectual. Finally after preparation of the skin, a bone hook was inserted around the 
posterior edge of the patella, to which forceful traction was applied, in an endeavor to slide 
the patella over the prominence of the lateral femoral condjde. This procedure, like the 
previous ones, ended in failure. 

The following day the patient was returned to the operating room, given a spinal 
anaesthetic, and again attempts were made to slide the patella back over the lateral 
femoral condyle. The knee was flexed forcibly about twenty degrees to loosen the locked 
patella. The hip was sharply flexed on the abdomen to relax the quadriceps, and the 
knee was fullj' extended. These attempts again failed to achieve reduction. 

Suspecting that rotation of the patella was the cause of our inability to secure 
reductimr, a series of tangential roentgenograms were taken. In one of these vievs, a 
true lateral projection of the patella was obtained, which revealed the correct status. 
The articular surface was found to be directed outward and the non-articular surface 
faced the femoral condyle. The patella had rotated during its lateral displacement 
somewhat more than ninety degrees (Figs. 2-A and 2-B). 

The skin lacerations about the knee prevented immediate open reduction of the 
patella. Two weeks elapsed before the skin' was sufficiently healed to permit surgical 
intervention and at the expiration of this time, under general anaesthesia, the knee vas 
opened through a medial parapatellar incision. The distal portion of the quadiiceps 
tendon and the proximal portion of the patellar tendon were exposed, and the earl} 
fibroblastic scar tissue was dissected away. The medial attachments of the patella vere 
completelj'' torn; and the patella was avulsed subperiosteally from the vastus medialis, the 
medial two-thirds of the quadriceps, and the medial half of the patellar tendon, 
lateral attachments were intact and the patella had rotated internally about these attac i- 
ments through approximately 110 degrees, so that its articular surface faced outvarc 
(Fig. 3). 



Fig. 2-A 

Oblique roentgenograms of the left knee (reversed m 
tion of the patella lying lateral to the femoral condyle, with pjg. 2-A. 

outward. The small fracture of the lateral femoral condjle is vi 
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’I'lic |);i1(’lln W!!'- iTiid- 
ily redurcd In- rolnipliii^ 
it.'- nnlotior I'd^p Ijilondly 
and imprliiiK a ii('rii)--lral 
olcvator Ix’twppii llip lat- 
oral fomoral condylp and 
tlip patella. IVinca jjpri- 
(I'-tcal ('levator a'- a skid, 
tlie po'-terior edf;e of the 
jiatella \va^ slipi)ed np- 
ward and over the ron- 
dyle: the patella was de- 
n)tated s])ontanconsly and 
fell into jiosition with its 
artienlar surface in enn- 
taet with the patellar snr- 
f.'iee of the femur. 

The snrRioal repair of 
the torn strncturc.s con- 
sisted of .sntnrinp the rent 
between the va.stu.s inedi- 
ali.s and quadrieops ten- 
don. The distal fibers of 
the vastus inedialis were 
affixed to the medial side 
ofthepatclla with twomat- 
tre«.s .sutures of braided 
silk passed through holes 
drilled obliquely into the 
edge of the patella. The 
fa.seial expan.sion over the 



Fia. :) 

Photograph of the surgical exposure of the knee. Note 
the patella lying at the side of the lateral femoral condyle, 
with its non-articular surface in contact with the femur. 
The torn medial fibers of the patellar ligament and the 
quadriceps tendon arc apparent. 


patella, the subcutaneou.s ti.s.sue, and skin were closed in layers with interrupted, black 
silk .«uture.s. The knee was immobilized in a plaster cast with the knee in approximately 
fifteen degreas of flexion. 

Tlie wound healed rapidly and the cast was removed on the twelfth postoperative da}-. 
Passive motion and quadriceps setting exercises were started. The patient was dis- 
charged on the seventeenth postoperative day, using crutches and refraining fiom weight- 
bearing upon the left leg. At the time of discharge, there was active extension of the 
knee to 1G5 degrees and flexion to 135 degrees. There was no pain or crepitus on motion 
and no tendenej- for the patella to luxate laterally. 

Soon after discharge from the hospital, the patient, on his own volition, discarded his 
crutches. One month later, patient had a range of active motion through 50 degrees, 
with a 15-dcgree flexion contracture. 

Eight months after the open reduction, the patient had no pain, no swelling, and no 
tenderness. The patella was only slightly movable from side to side. Extension of 
the left knee was possible to 175 degrees and flexion to 65 degrees. There was no obvious 
atrophj’ of the thigh or leg and no demonstrable muscle weakness (Fig. 4). 


DISCUSSION 

A .search through the literature has uncovered few similar cases of 
lateral dislocation of the patella complicated by rotation about its longi- 
tudinal axds. Cooper appears to have recorded the earliest case in 1844. 
From his description it is difficult to be certain to what extent the patella 
had rotated during its lateral displacement, but it was sufficient to permit 
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the patella to come to rest “with its inner edge upon the outer surface of 
the external condyle, the fore part of the patella facing forwards and in- 
wards. As the patient lay with the knee extended he experienced no pain; 
there was no tension of the quadriceps extensor cruris ; the patella admitted 
of a slight degree of motion forward or backward, turning upon its inner 
edge, which seemed caught behind the prominent margin of the articular 
surface of the condyle.” All attempts at reduction were unavailing, until 
with considerable force the knee was sharply flexed to a point where the 
heel contacted the thigh. At the termination of this manoeuvre, the 
patella spontaneously reduced itself. 

In 1856, Sanborn reported a similar case in a twenty-year-old man, 
in which all manipulation was ineffectual until the patient was anaes- 
thetized and the leg was flexed forcibly on the thigh. By this process the 
patella was lifted from its unnatural position and the reduction was in- 
stantaneous. It Avas not until 1901 that Borchard reported another case 
of rotary and lateral dislocation of the patella. The injury occurred in a 
seventeen-year-old boy, who stumbled and fell while in the act of throw- 
ing a snowball. Examination of the knee eight hours after the accident 
disclosed the patella firmly lodged over the lateral femoral condyle. 
Both the ligamentum patellae and the tendon of the quadriceps iemom 
could be palpated, but ivere lax rather than taut. Reduction was accom- 
plished with great difficulty, under anaesthesia, by derotating the patella 
with the thumb and forefinger. The laxness of the patellar tendon and 
the tendon of the quadriceps femoris, the author felt, indicated it was the 

rotation of the patella which locked it over 



Fig. 4-A Fig. 4-B 

Appearance of left knee eight months following open reduction, 
indicate the range and limits of active motion. 
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llotflikiss n'liorfcd a similar 
rase ill a t wriily-yc'ar-old 
rippcM' wliosc' Irfx hrramr rn- 
tanjxlrd in a roiir down wliirli 
hr was sliding. Tlir grralrst 
diflirnlly. rvrn nndrr dorj) 
anarsdirsia, was rnronntorrd 
in arroniplisliing a rrdnrlion. 
Tlir inrlhod finally jiroving 
snrrrssfnl ronsistrd of snddrn 
forrrful ovrrrxlrnsion of I hr 
knrr, logethrr with prrssnrr 
rxrrtrd by botli thumbs 
below the edge of tlir patella, 
forcing its jiostrrior border 
over the femoral condyle. 

During the pa.st two dec- 
ades tliere have been three 
additional ca.sc.s reported by 
Trau.sncr, Orsos, and Martin. 
In the case recorded by 
Trausner, there wa.s a con- 
comitant lateral luxation of 
the tibia which carried the 
patella with it. In all these 



Fig. 5 


Sketch showing the path the patella must take in 
its lateral dislocation with rotation about the long 
axis. F: The direction of the dislocating force; a: 
the position of the patella resulting from its sliding 
up on the lateral condyle; b: the position of the 
patella, where it becomes locked, after the medial 
edge clears the condyle. 


ca.sGS, with the exception of the one. reported by Ors 6 s, reduction of the 
patella required .surgical intervention; all closed methods proved of no 
avail. In each case it was found that the patella had rotated so that its 
medial edge became locked over the border of the lateral femoral cond3de, 
with the articular surface facing outward. After arthrotomjq the disloca- 
tions were readilj" reduced b.y simpl.v elevating the edge of the patella 
over the femoral condjde, following which the patella tended to derotate 
spontaneouslj^ and reduce itself. Suiprisingly, Martin states that there 
was no appreciable tearing of the capsular structures demonstrable at 
operation, in spite of the marked displacement of the patella. This is at 
^mriance with the opei'ative findings in the authors’ case. 

From a review of the cases reported in the literature, and from a stud3'' 
of the authors’ own case, it is apparent that such lateral dislocation of the 
patella, with a rotation about its longitudinal axis, must result from a blow 
directl3" upon the medial side of the patella while the quadriceps femoris 
is taut. It appears to be essential that the knee be in almost complete 
extension at the time the forces act. This fact suggests the explanation 
for the rotation of the patella. During the final 20 to 25 degrees of ex- 
tension of the knee, the patella rides against the lateral femoral cond3de, 
which is bulwarked to resist the normal tendenc3^ of the patella to slide 
laterall3^ When the dislocating force carries the patella lateralhq its 
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outer edge must ride upon the raised lateral femoral condyle. This pro- 
duces a torque, tending to rotate the patella about a longitudinal axis. 
If the primary force is sufficiently great and acts through an adequate 
period of time, the patella is not only rotated, but carried beyond the 
lateral femoral condjde over which the medial edge of the patella become.s 
locked (Fig. 5 ). 

It would seem that a dislocation of this nature would he impos- 
sible unless the attachments of the vastus medialis to the patella were 
avuised at the same time. Although manual reduction is perhaps pos- 
sible, once the nature of the rotation has been detected, the authors feel 
that open reduction is probabl3'^ the method of choice in order to repair 
these important attachments, and so restore the full strength of the limb, 
and prevent an3^ further tendenc3'- to lateral dislocation. 
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T 1 -:S'I'ICULAK TIORATOMA METASTASIZING TO THE SPINE 


HY HU'HAHl) K. VORHUHnil, M.I)., AND .IKUOSIIO E. ALDEHMAN, M.D., 
SVHACUSE, NEW YOIUv 


It is gc’iu'rally bolicvod that moro than t)G i)pr cTiit. of testicular tu- 
mors are malipuaut.' 

Metastasis occurs by way of the lymphatic and venous systems. 
When l)y tlie lympliatic route, exteii.sion is up the lymphatics of the 
spermatic cord to the pcdvic, lumbar, and epigastric nodes, thence to the 
prevertebral chain, through the mediastinum and along the thoracic duct 
to the left supraclavicular fossa. When by the venous .sy.stem, metasta.sis 
is first pulmonary in nature. By either route the metastasis is rapid.' 

A laboratory aid in diagnosis and prognosis is to be found in the de- 
termination of the presence of prolan A in the urine. This test has now 
been refined and is used not alone in the diagnosis, but as a guide to the 
jjrogre.^s of the patient, and the response of the tumor to radiation. The 
persistence of a strongly j)ositivc prolan test after orchectom.y is consid- 
ered evidence of subclinical metastasis when other examination for this 
is negative. 

There arc surjjrisingly few reports in the literature pertaining to 
teratoma of the testicle mcta.stasizing to bone. Geschickter states that 
only one instance (to the frontal bone) occurred in fortj^-two cases regis- 
tered at the Johns Hopkins Surgical Pathological Laboratoiy. Eisendrath 
has reported a case of a malignant mixed tumor of an undescended testicle, 
which metastasized to the femoral head, and was discovered through 
bone destruction a year after removal of the primary tumor. Reports 
of metastasis to or about the spine are rare. Bricka and Pons report a 
case of a male twenty-seven years old, whose left testicle had been re- 
moved. One year later a large mass was present in the left side of the 
abdomen and flank. At autop.sy this tumor was found to have been 
teratomatous. Kennedj" and Stevenson report a case of teratoma of the 
left testis, which metastasized to the anterolateral aspect of the vertebral 
column in the lower dorsal area, invaded the tenth dorsal body, and 
produced necrosis of the cord distal to this level. 

The following case of testicular teratoma, metastasizing to the spine 
with resulting paraplegia and sensoiy loss below the level of the involve- 
ment of the spinal cord, is reported as unusual. The authors feel it should 
be of interest to orthopaedic surgeons who find themselves confronted b3^ 
the same situation, and ma}^ warn them that the3r are dealing, not with a 
simple compression fracture, but rather with a pathological one. 

CASE REPOBT 

R. C., twenty-four j’ear.s of age, a white male, was seen on Februar 3 ' 12, 1940, with a 
complaint of pain in the lumbar and lower thoracic regions of the back. The onset of 
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his complaints followed a fall on January 17, 1940. The patient had been canying a 
heavy automobile battery and had fallen a short distance, striking the buttocks. For 
about one month he had been receiving ambulatory treatment without benefit, and the 
back pain had increased in severity. Roentgenograms on February 12 (Fig. 1) revealed 
the presence of a compression fracture of moderate degree, involving the eleventli 
thoracic vertebra. Compression was of the wedge type with no posterior protrusion. 
Anteroposterior projections showed no lateral wedging and there was no evidence of 
fracture of the laminae or pedicles. Clinical examination revealed bilateral muscle 
spasm at the level of the thoracolumbar junction and localized tenderness over the elev- 
enth thoracic spinous process. At this time there were no symptoms referable to the 
central nervous system, nor were there any objective neurological findings. 

The right testicle was considerably enlarged. This was said to have been piesent 
for SIX yeais, following trauma to that testicle in a football game. The patient asserted 
that the mass had not increased in size, had never been productive of pain, nor caused 
discomfort of any nature. On examination the mass measured fifteen by ten by ten 
centimeters, was not nodular, was of a uniformly firm consistency, and was not tender. 
It did not transilluminate and there was no enlargement of the regional lymph nodes 

He was referred to the hospital where on the following day under general anaesthesia 
reduction of the compression fracture by hyperextension was done. A check roentgeno- 
gram revealed the compression had been entirely corrected (Fig. 2). A plaster jacket 
extending from the sternal notch to the symphj'sis ossium pubis was applied in the usual 



Fig. 1 

Compression fracture of the eleventh 
thoracic vertebra before manipulation. 




Fig. 2 

mpression fracture 
cic vertebra after reduc 
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niiitiiu'r, (lio piitioiit nKt- 
)l)K pi'oiio oil tilt' .'•vv.'itlic. 

On ropovci iiiR consrioU';- 
no'-^, till' piitipnt roin- 
plainod of nninlnu'vs of 
liih It');'- and inaliility to 
move llipin. 'I'lio ida'-tcr 
jacltot wa-- ininipdiatrly 
rt'inovpd. On nonrolopi- 
cal pxainination it wii'- 
found that llicrp was coni- 
jiloto flarcid jiaralysi'- of 
llio lowrr oxtrcinilii','- and 
tlip aiidoininal niu-.dp.-, 
and lo'-'- of function of 
the rectum and liladdcr. 

Tliere wa^ coinplcto loss 
of suiicrficial sensation 
below the level of tlie 
twelfth thoracic derma- 
tome anteriorly and pos- 
teriorly. Deep, sensibility 
was absent in the lower 
extremities up to, and in- 
cludinp, the iliac crests. 

A lumbar puncture was not done for several days because of the extreme tenderness of 
the back. At this time, roentgenograms were again taken and failed to show anj!- evi- 
dence of dislocation. The neurosurgical consultant advised against surgery because 
of the lack of bony encroachment on the spinal canal. A cystometrogram showed that 
(he bladder was atonic and tidal drainage was instituted. On February 21, a lumbar 
puncture revealed xanthochromic fluid with an initial pressure of 21 millimeters of water, 
prompt rise and fall with abdominal pressure, but no rise with jugular compression. 
There were no cells in the fluid; the Wassermann was negative; and the total protein 
was 9.T milligrams per cent. Air myelography revealed a complete block at the lower 
border of the tenth thoracic vertebra. Because of the lack of clinical improvement a 
laminectomy from the ninth thoracic to the twelfth thoracic vertebrae inclusive was 
performed on February 23. The spinal cord was found markedlj' swollen opposite the 
tenth and eleventh thoracic spinous processes. There was no evidence of tumor, frac- 
ture of bony structures, or posteriorly protruding intervetebral disc. Following opera- 
tion some sensory return occurred, — spotty and indefinite in nature. Motor function 
failed to return at any time. Bladder function improved as evidenced by weekly 
cystometrogram determinations (Fig. 3). However, after several weeks the bladder 
returned to its atonic state, probably on account of a complicating low-grade urinary 
infection. In spite of careful nursing, the usual decubitus ulcers over the sacrum and 
greater trochanters occurred. Ten weeks following operation, the patient developed 
evidence of nerve-root irritation, evidenced by hypersensitivity from the region of the 
left shoulder to the upper abdomen. On repeated lumbar punctures the spinal block 
continued, along with an increase in tlie total protein content of the spinal fluid. A 
short time later a mass was noticed to the left of the seventh thoracic spinous process. 
A roentgenogram (Fig. 4) taken at this time, June 4, indicated a sharply defined, homo- 
geneous, soft-tissue shadow, extending from the seventh to the twelfth thoracic verte- 
brae, and varying from six to ten centimeters in width. A lateral view indicated that 
compression of the eleventh thoracic vertebral body had recurred and progressed (Fig. 
5). Aspiration of the mass was done and a few drops of mucoid material was ob- 
tained. This was reported to be mj'xoma. The existence of a neoplasm at and about 
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Fig. 3 
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Cy.stometric readings, showing improvement in bladder 
(one until March 23, followed by loss of tone. 
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the finctuip.'-ilCiK'i'oiKl.'iry wascoiiKidcrcdproljHljlc. An Ascldicim- 

Zondck w.'i'- doiu', lint on ncconnl of (lie infoclcd urine llic iiniinid died. In view of 
(he eontinu.'ition of j-evere root i).'dn uneontrolled hy opiiifes, a ehordotoniy in the upper 
(horaeie reci"" "■!>'' performed a« a palliative mea'-ure on duly 3, At (his operation no 
effort wa^ made to te-exjilore the lower thorarie lamineetomy, and no evidenee of neo- 
plasm or other ahnormality was found at the time of the seeond operation. After .several 
day.s the root i)ains were relieved. Kuhsequent to this operation, the patient developed 
hronehopmaimonia and died .luly 21, 1010. 

AKTOPSA' KKOOUI) 

Rifilil Scrotum. The tiftht te.stiele was markedly cnlarRed. On scetion (Fig. G) a 
tumor was found whieh was a])i)aiently eompo.sed of many different kinds of tissue (Figs. 
7 and S). A portion of the imiss eontained what appeared to he eartilage; the remain- 
der of (he siieeimen ])resented a large amount of neerosis. The tumor mas.s e.xtended up- 
wanl to involve the s])ermatie eord. 

linclr. The scars of two laminectomies were present (upper and lower thoracic 
regions). There was a small sinus opening in the skin at the level of the fifth thoracic 
vertebra. Heneath the site j)f the lower lamineetomy was a firm grayish-white tumor 
mass whieh ai)iiarently infiltrated the musculature of the hack. It extended from the 
eighth thoracic to the region of the first and second lumbar vertebrae. It extended 



Fig. 6 

Gross specimen of testicle and lumbar muscles. 
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about seven centimeters to the left of the mid-line, and almost the same distance to the 
right. The tumor extended completely around the cord (Fig. 9) at the level of the elev- 
enth thoracic vertebra, the body of which had been partially destroyed (Fig. 10). The 
spinal cord between the levels of the fourth and fifth cervical vertebrae contained some 
sutures (site of chordotomy). The area surrounding the cord at this point was dark red 
and soft. Some red fluid was present. 

.]hcroscopic Diag7iosis. Teratoma (embryoma) of right testicle with metastasis to 
vei tebrae of the upper lumbar, and lower and mid-thoracic regioiis. 

CONCLUSIONS 

From a review of the literature, it was found that teratomata with 
this type of metastasis — teratoma of the right testicle with raetastasi.s to 
th(> A'prtebrae, paravertebral structures, and spinal cord — are rare. 
The unusual features in this case are as follow^s: 

1 . The length of time the mass in the testicle had been known to 
have existed (six years). 

2. Trauma sufficient to cause a compression fracture of the spine 
preceded the onset of symptoms. 

3. Absence of evidence of invasion of the central or peripheral 
neiwous systems up to the time the compression fracture was reduced. 

4. Absence of eiddence of inAmlvement of bone or the spinal^ cord 

at the time of the first laminectomy. > 

5. Lack of roentgenographic evidence of the tt^ue pathological na- 
ture of the invoh''ed vertebrae at the first examination. 
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IXTICRCOXDYI.AR T FRACTURE OF ELBOW 


«V AAHOX H. TUVMN’, M.I)., BUOOKIA'iV, Ni:W VOItK 
From Israel Zion Hospital, lirookhjn 

For the Ireatmenl of inlorcoiulylnr or T fracture of the elbow, Miller 
has supRcsted iiailinp; (he fragments and Reich has advocated traction, 
both of which methods undoubtedly will produce excellent results in many 
eases. Manipulation and elo.sed reduction are always the method of 
choice, provided reduction can be obtained by this means. 

'I'his n'port presents a ease of a T-shaped fracture of the elbow treated 
by elo'^ed reduction. The ea.se is interesting, because the roentgenograms 
were misinterjireted by a number of competent roentgenologists. A care- 
ful study of the films, however, .showed the correct relatioirship of the 
fragments, and closed manii)ula(ion, together with lateral compre.s.sion of 
the elbow by means of a cariienter’s clamp, resulted in a good alignment 
and a useful elbow. 


CASU UUPORT 

The patient wa*- a young gill of sixteen, who sustained a seveie injury of the right 
ell)ow as a result of a fall fiom a Incycle. Roentgcnogiams (Figs. 1-A and 1-B) .showed 
an intercondylar, T-«hapod fracture of tiie lower end of the humerus, with rotation and 
displacement of the inner portion of the lower fiagment, and some ulnar displacement of 

the outer poition. The first interpretation 

' considered the lower articular suiface to be 

lines F E and D G. The actual fracture sur- 
faces are A D and C D and the margin of the 
lower articular sui face of the trochlea and ra- 
di.al head are E B and D G. The surface E F 



Fig. 1-A Fig. 1-B 

Intercondylar T-shaped fracture of the lower end of the humerus, with rotation 
of the inner fragment, and ulnar displacement of the outer fragment. 
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Fig. 2-A Fig, 2-B 

After manipulation the alignment is restored, but the inner fragment is 
medially, and the metaphyseal portion is separated from the shaft of the hum 


Under local anaesthesia an at- 
tempt was made to rotate the inner 
fragment by manipulation and thus 
approximate surfaces A B and C D, 
and place the elbow in acute flexion. 
Check-up roentgenograms showed 
an apparent normal relationship, 
but a definite separation of the two 
fragments; an oblique view (Fig. 
2-B) showed that the metaphyseal 
portion of the lower fragment was 
separated quite a distance from the 
shaft, and the problem arose as to 
what was the best method of ap- 
pro.ximating the fragments. (In a 
somewhat similar situation, Dr. 
Wolfert used a carpenter’s clamp in 
a case piesented by him at a clinical 
meeting at the Hospital for Joint 
Diseases, and an excellent result was 
obtained.) A carpenter’s clamp as 
seen in Figure 3 was then applied, 
over felt pads, to the lateral margin 
of the elbow joint, and fixed by 
means of a flannel bandage sus- 
pended from the neck. By grad- 
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Tig. 4-A Fig. 4-B 

Five montlis after institution of treatment, .showing satisfactory alignment at 
tlie lower end of tlie humerus. 


ually tiglitening the clamp, the fragments were slowlj' appro.ximated. The patient was 
instructed to tigliten tlie clamp daily to the amount of compression which she could en- 
dure without too much discomfort. No nerve injury resulted from the compression. 

Hoentgenograins were taken with the clamp in situ after lateral compression had 
been cmploj'ed for several days. The opposing fractured surfaces were then in almost 
complete apposition, and the rotation had been almost completelj’' corrected. The 
clamp was maintained for four weeks. 

After i-emoval of the clamp, physiotherapy was instituted, with the elbow gradually 
flc.xed 'and extended, until, after three months of active treatment, extension was possible 
to 170 degrees and flexion to 45 degrees, the tips of the fingers just reaching the shoulder. 
Roentgenograms (Figs. 4-A and 4-B), taken five months after the injuiy, showed good 
alignment of the fragments. 
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A SPLINT TO INCREASE HIP AND KNEE MOTION 


BY WILLIAM J. TOBIN, M.D., LIEUTENANT, MEDICAL CORPS RESERVE, 
FORT BENNING, GEORGIA 

From the Orthopaedic Service, Waller Reed General Hospital, Washington, D. C. 

The splint described is a modification of the half-ring leg splint. The 
main feature of the modified splint is the maximum degree of hip and knee 
motion that is possible with its use. The splint was first used in connec- 
tion with the postoperative treatment of patients upon whom vitallium- 
cup arthroplasty had been done, and in whom as much hip motion as pos- 
sible was desired. It is also of value in knee cases, since any method that 
increases hip flexion obviously increases knee flexion. 

The splint is simple in construction (Figs. 1 and 2). It may be used on 
either the right or left side by making the proximal and distal half rings 
hinged. The standard Pearson attachment or one of its modifications 
can be used to complete the splint. The patient’s hip and knee are first 
exercised passively, and then, as muscle tone increases, actively (Fig. 3). 
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Fig. 4 


The stiffening of the knee and hip joint that often exists after pro- 
longed immobilization in a plaster cast, requires many weeks of additional 
treatment before a good range of motion is regained. Often it is desirable 
to have some form of additional external support for the femur, as in the 
case of fractures of the femoral shaft. A canvas support with aluminum 
coaptation .splints around the thigh might be used. Figure 4 shows the 
canvas support for the right thigh. This modified splint can be used for 
any condition about the hip and knee, in which early and full range of 
motion is the desired goal. 

The author wishes to acknowledge the contribution bj' Dr. Carter R. Rowe in the 
original modification and early use of the splint. 
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AURELIUS RIVES SHANDS 


lSGO-1941 

Aurelius Rives Shands was born on November 5, 1860, in Sg UnivcV- 

Virginia. He received his education in the South, where he attende i c 
sity School in Petersburg, lurginia, and later, the Universitj' Medica o 
University of Maryland) in Baltimore. . . if Clwrl'^' 

After graduating in medicine in 1884, Dr. Shands establis le jjgcomc in- 

City County, '\’'irginia, and engaged in general practice until 189 . ® developing' 

terested in orthopaedic surgery, which at that time was a limite ru decided 

specialty in medicine and had but verj' few representatives in t le ou^^ j^uptured and 
to train himself for this work and accordingly went to the Hospi ^ regular intern 

Crippled in New York, serving first as a substitute intern an t completing 

during the year 1893, under the direction of Dr. Ibrgil P. ■ „racticc of orthn- 

service there, he merged to Washington, D. C., where he started his pn 

.Hx:.ovn^-.norBO^•n...^-o.or^TS^nc.^n 
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p u'dic ‘-innoi.x .Mild look .MU ju five iind iinpoitant pai ( in plac inn (Ins sp^daKy ni a lecog- 
inri'd jiDsition in lliat i itj and in tlia( piil of (lie (oiiidij. 

Tlio ('stoi'in 111 wliicli Di Sliands was |{•nald('d liy Ins assniialos is indicated by the 
iiiMin positions of ]niblic s(Mvne which lie held. lie was Piofcssoi of Oithopaedic 
Siiigcn at (leoige Washington I'niveisitv, and latei was made Clinical Piofessoi ni that 
same l'ni\er'-it> lie was aKo Professor of OithopMcdic Siiigeiy at the Umveisity of 
X'eimont from ItlOO to 1')] ]. He was one of the foinuleis of the Xew Emeigeney Hos- 
pital 111 Washington, of which he w.is Chief of the Oithopaedic Seivice, and Secietary of 
the staff foi manv ve iis 

He was a member of the X'ligniia State Mednal Society, and he held the position of 
Vici^-PiesidiMit of the Distiict of Columbia Medical Society m 1902 He was Chan man 
of the Committee of Airangements in Washington of the Congiess of Phj’sicians and 
.Singeons from 1900 to 1933, and he solved as President of the Alumni Association of the 
Ho-pital for the Hujituied and Cri|)]jled in 1918 He was a Foundei Member of the 
Amernan College of , ‘surgeons He was also an Hineiitus Membei of the Ameiican 
Ac.idemv of Oithopiedic Singeons 

Dr. Sliands was elected a membei of the AmciRaii Oithop.iedic Association m 1896 
and served as its President in (ho jeai 1912-1913 Iloalways paitieipated in the affairs 
of (he Associ.ition, both in (he jncsentation and discussion of papeis and in the adminis- 
tr.itivo dehbcr.itions Mombois always looked foiwaid to meeting him 

He was nilluontial in establishing oithopaedic suigeiy in its leeogni/ed position in 
(he South, and always took an active pait in this specialty until about thiee j'eais ago 
when he retired to his farm m X'lignna, which he had made his hobbj’ and in which he was 
alwa^s mteiestod He died in Washington, April 27, 19H 

He was iicvci a prolific wiitci, butcontiibuted laigely to some of the moie impoitant 
subjects which in that poiiod needed development by the guidance of men of judgment 
and ONperieme Among the subjects on which he wiote weie Pott's disease, club-foot, 
Inp-joint fiactuics, ct ceteia, and his expeiience added value to all of his hteiaiy con- 
tributions 

Di Sliands was a man of stiong convictions, but was nevei mtiusive He had much 
of the (ouitesv of foimei gcnciations and gave to those with whom he came m 
fontact the feeling of the dignity of the “old school’’, with the hospitality of the South 
He was a pioneei m his specialty in AVashingtoii and m the South, and m a quiet way 
lepiesented the best m oithopaedic suigeiy in Ins section of the countiy 

His loss Is leah/ed bj thosewho knew him m the peiiod of hi» active sei vice, and he 
w.i« one of the membei s of the Association who will be gieatlj, ims-ecl 
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WILLIS COHOON CAMPBELL 
1880-1941 


In the death of Willis Cohoon Campbell, May 4, 1941, in Chicago, in 

gery has lost one of its most active members and greatest leaders. e "as l(,j.jjier 
Jackson, Mississippi, on December 18, 1880. He is survived by his "i e, 


Elizabeth Yerger, ivhom he married in 1908. _ , .gmedical 

His early education "as leceived in his native state; his college an ^gjical 
training were taken at Hampden-Sydney College, Roanoke College, an 
work, at the Universit 3 " of Viiginia where he "as graduated in 1904. er jn'feresled 
internship, he entered the practice of medicine in Memphis. He ear y under- 
in orthopaedic suigerj', and, surmounting manj' haidships, he went o post- 
take the studj- of the specialtj'. He studied in London and Vienna, an j^g in this 

graduate study in New York and Boston with the celebrated orthopae ic special- 

countrj" at that time. He returned to Memphis in 1909 and resume is p 


izing in orthopaedic surgery. gumen' at the I'm- 

In 1910 he was asked to organize a Department of Orthop^ r r of Orthopaedie 
versitv of Tennessee Medical School and he became the fet ro esso Hi= 

Surgery in this institution, which office he held with di‘>tinc ion u ^ 
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work in (('.'irliiiiK w:is olianirK'i izt'd liy liis dpsiro to improve (lie teaching of orthopaedic 
siirpery and postpradnate Iraininp. 

Dr. C:miiil)eli lealized tlie need for projrerly orpanized and conducted institution.s 
for tlie e.are of indipont eri])])les, and lie was one of tlie fir.st to e.staldisli a crippled chil- 
dren’s hospital .sphoed in tliat part of tlic South. After the estahlislimont of the Crippled 
Children'.s Ilosjiital Srliool, lie devoted his enerpy to the formation of a similar tj'pe of 
institution to continue the work for crippled children after they had pas.=cd childhood. He 
cherished the hope that some day he would .see the foundation of an in.stitution for the 
care of atlult orthopaedic jiaticnts. With the cooiicration of some of his close friends, 
this hope was realized in 102.1 with the e.stablishmcnt of the Hospital for Crippled Adults. 

In 1020 he built and ojiencd the Willis C. Campbell Clinic, an in.stitution for the care 
of his private jiatients and for the postpradnate training of men desiring to specialize in 
orthoiiaedic surgery. 'I'he fellowships in orthopaedic surgery which he started in con- 
nection with the Willis C. Campbell Clinic in 102-1 provided e.sscntially the same training 
required by the American Hoard for the Certification of .Specialists. 

Dr. Campbell w.-is an active member of all of the societies in his specialty and man5^ 
of the general surgical societies. Among the .societies of which he was President are 
the following: Memphis and Shelby County Medical Society, 1921; Clinical Orthopaedic 
Society, 192S; American Orthopaedic A.s.sociation, 1931; and .Southeastern Surgical 
Congress, 1933. He was a member of the Board of Governors of the American College 
of Surgeons, 1930-1939, .and of the House of Deleg.ates of the American Medical As- 
sociation, 1939-19-10. His other profe.ssional atfiliations included active and honorary 
membership in many Amcric.an and foreign .societies. 

Dr. Campbell played an important role in the formation of the American Board of 
Orthopaedic Surgery and devoted many hours of thought to the problems incident to it. 
He served as a member of the c.xamining bo.ard .and was President from 1937 to 1940. 

In conjunction with a number of his colleagues, Dr, Campbell envisioned the neces- 
sity for an organization in which younger men might receive recognition and identifica- 
tion which would guide their development. It was for this purpose that the American 
Academy of Orthopaedic Surgeons was founded, and its existence is very largely due to 
Dr. Campbell who was honored by being made its first President in 1933, and he lived to 
see the influence which this society in conjunction with the American Orthopaedic As- 
sociation has exerted in welding the present standards of the specialty. 

His capacity for work was almost superhuman, and his interests were widely dis- 
tributed. He contributed many articles to scientific programs and to various medical 
journals, also chapters on orthopaedic surgery in many leading textbooks of surgery. In 
addition to this, he published three volumes: (1) a monograph, “Orthopaedics of Child- 
hood”, 1927; (2) a textbook, “Orthopaedic Surgery”, 1930; .and (3) his last publication, 
“Operative Orthopaedics”, in 1939. 

He was one of the pioneers in the development of arthroplasties. He had perhaps 
the greatest experience in his work on arthroplasty of the knee, and he contributed ex- 
tensivelj' by his experience with the massive onlay bone graft. Among his original con- 
tributions to the specialty perhaps the best known is his bone-block operation for par- 
alytic drop-foot. He was a great believer in the careful analysis of end results and some 
of his most outstanding contributions to the advancement and development of ortho- 
paedic surgery were contained in the published results of his vast experience. 

To enumerate Dr. Campbell’s scientific attainments would be to tell the story of 
only a small part of his full life. He extended kindly and loving guidance over all of the 
younger men with whom he came in contact; they were inspired by his honesty and in- 
tegrity, by his unbounded zeal and enthusiasm, by the soundness of his judgment, and 
by the dominant will with which he overcame obstacles. The words of one of his friends 
expresses his feeling for him: “To know him was to love him, for his magnetic charm, his 
sincerety, his strong sense of fairness, and his unfailing kindness and courtesy endeared 
him to all who came within his ken. Indeed, only a little with him, and one was con- 
vinced that here, indisputably, was greatness”. 

Dr. Campbell’s work was his life and he gave his life to it. 
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WALTER G. STERN 


1874-1941 


Walter G. Stern was born on December 6, 1874, at Chattanooga, Tennessee, the son 
of Bernard Stern who took part in the German Revolution of 1848 and came to this 
countrj^ with General Karl Schurz. He received his premedical and his medical educa- 
tion at Western Reserve University, Cleveland, and had postgraduate instruction in 
orthopaedic surgery under Prof. Adolph Lorenz in Vienna, Austria. In May 1903, he 
married Miss Lora B. Baer, who with two children, Bernard B. Stern and Mrs. Marjorie 
R. Schweid, survive him. 

In 1903, Dr. Stern started the Mount Sinai Hospital, Cleveland, in a small private 
house, with twelve beds, and from 1903 to 1935 he served as Orthopaedic Surgeon and 
Director of Orthopaedic Surgery to both the hospital and the dispensary of this Hospital. 
In 1907 he occupied the Chair of Orthopaedic Surgery in the Cleveland College of Physi- 
cians and Surgeons. About this time he introduced orthopaedic work into both the 
Rainbow Hospital at South Euclid and the Children’s Fresh Air Camp, Cleveland, and 
when this latter institution was compelled to close its doors in 1908, he helped to found 
the Holjf Cross Home for Crippled Children. In 1914 he became Consulting Orthopaedic 
Surgeon to the Gates Hospital for Crippled Children and the Elyria Memorial Hospital. 
At the time of his death he was Consulting Orthopaedic Surgeon to the Mount Sinai 
Hospital, St. John’s Hospital, the Glenville Hospital, and the Bedford City Hospita , 
Bedford. He was also appointed Orthopaedic Surgeon to the Lutheran Hospital, Cleve- 
land, in 1932. 

Dr. Stern was a member of the American Academj^ of Orthopaedic Surgeons an 
of the International Society for Orthopaedic Surgery. In 1929 he was President o e 
Clinical Orthopaedic Society and Chairman of the Orthopaedic Section of the American 
Medical Association. 

In 1907 Dr. Stern was elected to membership in the American Orthopaedic ssocia 
tion, in which society he took an active part, both in presenting papers and in 
in the scientific as well as the executive sessions. He was elected Vice-Presi en o 


Association in 1917, i • • k in 

His life is a record of many activities and of public service. He began 
orthopaedic surgery in the earty period of this specialty, at a time when it n as i ® 
obtain the recognition of its place in the field of surgery, and the position it o ® 
is due in large measure to the work of those men who, like Dr. Stern, esta is e . 
selves in different parts of the country in the pioneer days of the specialty, an 
the centers of activity from which has spread the rapid growth of this specia 
of surgery. He was the author of numerous works on the subject of ort opae 
appearing in various orthopaedic publications within the last forty years. 

One was always impressed by his remarkable activity and 
tensity vdth which he gave himself to the work in which he was engage an 
He attended the meeting of the American Medical Association in eve a^ 
planning to attend the meeting of the American Orthopaedic Associa ion 
but died suddenly on the preceding Sunday, June 8. 
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News Notes 


A( (’oiniiK'iircinciit ;it CdIIckc <»ii June 21, ]3i'. I\Itinny S. Diinfortli, of 

Pnividi'iicc, Hliodo Islimd, \v:is (livcii !Ui hononin' dcKK’o of Docfor of .Science. 


Dr. l''d\v;iid I,. CoinpiTc' annoiiiiee.s (li(v nKsociation witli Iiiin of Dr. .Sam W. Banks 
in tile practice of oi tlio])ac<lic .surcery. Tlieir oflices are in the Lake \'ie\v Biiildinp;, 110 
.‘Snitli Micliifian Boulevard, Cdiicapt. 

Dr. ('. B. I'ranci'sco annotince.s that lii.-j ni'phew. Dr. C. L. Francisco, is now asso- 
ciated with Iiiin in the practice of orthopaedic .sni'Kery, at ()2;i ,\rg:yle Biiildinp;, Kansas 
City, Mi.s«ouri. 

Dr. Ellen W. Fiske has moved his oflicc to 72.1 .Jenkins Arcade Building, Pittsburgh, 
Pennsylvania. 

Dr. TJieodore II. Vinki' aiinoiinecs the association witli him of Dr. Charles U. Hauser 
in tlie practice of orthopaedic surgciy. Their oflice is Suite 709, Carew Tower, Cin- 
cinnati, Ohio. 


Dr. Harold C. Bean, of Salem, Massachusetts, has been called to active dutj- in the 
Xavy and is located at the United States Xaval Hospital, Portsmouth, New Hampshire. 


Dr. Ixiuis W. Brock announces that Dr. W. Compere Basom is now associated with 
him in the practice of orthopaedic surgery. Their office is at 410 Roberts-Banner 
Building, El Paso, Texas. 


The Walter M. Brickner Lecture at the Hospital for Joint Diseases, New York, 
was given on Maj' 2 by Dr. Franklin C. McLean, Professor of Pathological Physiology, 
University of Chicago. His subject was, “Calcification and Ossification: Some Aspects 
of the Physiology of Bone”. 

The Twentieth Annual Conference of the American Physiotherapy Association 
is to be held at Lagunita Court, Stanford University, California, July 13 to 18. 


The .Seventieth Annual Meeting of the American Public Health Association 
will be held at Atlantic City, New Jersey, October 14 to 17. Headquarters for the meet- 
ing will be the Convention Hall, and residence headquarters will be the Hotel Traymore. 


The Fifth Semi-Annual Meeting of the Tri-State Orthopedic Society was held in 
Fort Wayne, Indiana, on April 19. An interesting program was presented b}"^ the ortho- 
paedic surgeons of Fort Wayne and Indianapolis. The next meeting will be held in 
Cincinnati, Ohio, in September. 

The American Society for the Study of Arthritis held its Twelfth Annual Meet- 
ing on June 5, C, and 7, at the Deshler-Wallick Hotel, Columbus, Ohio. An excellent 
program was presented, of special interest being papers by Dr. Edward Harlan Wilson, 
“Surgical Aspects of Arthritis”; Dr. W. W. Lermann, “Relation of the Gastro-Intestinal 
Tract to Arthritis”, a study based on 5,000 cases; Dr. Reginald Burbank, “Bacteriologi- 
cal and Serological Approach to Diagnosis and Treatment of Arthritis”; and a report on 
“Chemical Investigations” by Dr. Roland Davison. 
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NEWS NOTES 


The International College of Surgeons will hold its Annual International As- 
sembly in Mexico City, August 10 to 14, in response to the invitation of the Mexican 
Government. Many of the Pan-American countries will send official representatives; 
sessions will be conducted in both English and Spanish. It is expected that surgeons 
from England, Holland, Palestine, Portugal, Switzerland, and Turkey will also participate 
in the meeting. Information about the meeting may be obtained from Dr. Max Thorek, 
Executive Secretary, 850 West Irving Park Boulevard, Chicago. 


The New England Society of Bone and Joint Surgery has been formed. Its 
membership is limited to those surgeons in the New England States who confine their 
practice to bone and joint surgery, particularly the problems of traumatic surgery. The 
purpose of the Society is to aid in the advancement in the methods of treatment of the.'c 
conditions. The membership at present is limited to thirty-five active members. The 
Society will hold professional and scientific meetings in various centers in New England. 
The first meeting was held in Boston, June 25, 1941. The officers are; President, Dr. 
A. Leo Brett; Vice-President, Dr. Joseph S. Barr; Secretary-Treasurer, Dr. Gordon M. 
Morrison. 

On Maj' 27, Dr. Arthur Steindler was honored by an all-day clinic and day of 
social activities, attended by former assistants and members of the staff of the Depart- 
ment of Orthopaedic Surgery of tlie State University of Iowa. The gathering included 
orthopaedic surgeons from all parts of the United States. At this time, a permanent 
Steindler Alumni Club was fornred, which plans to meet annually at the time of the meet- 
ing of the American Academy of Orthopaedic Surgeons. 

The special feature of the occasion, marking the completion of twenty-nine years 
of his teaching at the University, was the unveiling and presentation to the Universi ) 
of the portrait of Dr. Steindler, Professor and Head of the Depai’tment of Orthopae ic 
Surgery. The portrait, painted by Sidney Dickinson, was the gift of former students an 
present staff members. It was presented at a banquet, attended by 265 colleagues an 
friends, and was accepted by President Virgil M. Hancher of the University. 


BRITISH ORTHOPAEDIC ASSOCIATION 

The postponed 1940 Annual Meeting of the British Orthopaedic 
in Oxford on January 3, 1941, under the Presidency of Prof. T. P. McMurraj^ ® 
ciation dinner was held the same evening at New College. Among many is 
guests were Sir Farquhar Buzzard, the Vice Warden of New College, 

Dr. Charles Bradford, and other members of the American Hospital in n 

The meeting, which was well attended, despite severe winter weather an i ^ 
of travel, was devoted to the presentation of short papers of which t e o ov 
summary: 


Late Results of Fracture of the Neck of the Femur. 
and Mr. K. H. Pridie, Bristol. 


By Mr. A. L. EjTe-Brook 

ATAA. xi., J.X. xiiuie, fihen^clcof 

Forty-seven patients out of a total of seventy-five treated for frac ure o 
the femur by manipulative reduction and the insertion of a Smith-Pe 
Hey Groves technique had been reviewed by clinical and roentgenograp patients- 
at least one year after the procedure. Bony union was proved in 58 per jigepl'^ 

In the whole series of seventy-five, there had been a mortality of 5- under thirt.'" 

necrosis of the capital fragment had occurred more frequently in pa emphesi^ed- 
years of age. The importance of the fracture-shaft angle of Pauve ® ‘ it was 

If this angle was low (below 30 degrees), the results from nailing a one ve 
concluded that a fibular graft should be inserted as well. 
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The Indications for Excision of the Patella. By Mr. Norman Roberts, Liverpool. 

This communication was based on twenty patients in whom the patella had been 
excised. He discussed the uses of the patella and emphasized the following points; 

1. Recovery of function after excision is not so rapid as is often thought, though it 
is more rapid than after suture of the patella. 

2. .\fter excision, flexion movement is usually full or is possible to at least a right 
angle: extension is often limited; and the quadriceps is often weaker than normal. 

3. Excision is advisable in all comminuted fractures in both young and old patients, 
and in transverse fractures in middle-aged and old patients. 

4. Transverse fractures in young patients should be sutured. If the fragments are 
markedly unequal in size, it is easier to excise the smaller fragment and to suture the 
rectus or patellar tendon efliciently to the larger fragment. 

.5. Derangement of the knee, due to recurrent dislocation of the patella, cannot 
usually be cured by excision of the patella. 

G. Good results sometimes, but not always, follow excision in osteo-arthritis of the 
knee, particularly if the arthritic changes arc mainly in the patellofemoral compartment 
of the joint. 

The Correction of Scoliosis. By Mr. G. E. Thomas, Liverpool. 

Correction of the deformity had been achieved in the majority of sixteen patients 
by recumbency on a Thomas frame with longitudinal traction and countertraction applied 
to the head and legs and “three-point’’ pressure on the apex of the convexitj' and the ex- 
tremities of the concavity. To exert lateral pressure, special pads operated slowly by a 
screw mechanism of the Thomas-wrench tx-pe was employed. Failure to achieve cor- 
rection had occurred in verj' high and x’erj' low curves; in severe, long-established curves; 
and in those cases in xvhich there was gross rotation, out of aU proportion to the lateral 
curvature. 

Tre.atment of Fractures of the Extern.ai. Tuberosity of the Tibia. By Mr. W. S. 

Diggle, Liverpool. 

!Mr. Diggle reviewed a series of these difficult fractures. For those cases in which 
there was gross comminution and depression of (he fragments, he had found open opera- 
tion, replacement of the fragments, and screw fixation the most effective treatment. 
Most of his patients treated in this way had been able to return to work in about six 
months. 

Tre.atment of Compound Fr.actures of the Leg. By Mr. G. K. McKee, Noiwich. 

The speaker adxmcated fixed skeletal traction on a Thomas sphnt for tibial and 
femoral fractures, both simple and compound. For tibial fractures a Steinmann pin 
was inserted transx-erseB* through the upper tibial fragment and through the os calcis 
or the lower fragment. The pins were fixed firmly, after reduction by manual traction, 
to the lateral bars of the Thomas splint by a spiecal clamping device. 

For femoral-shaft fractures, one pin was employed below the fracture, fixed in a 
similar way to the Thomas splint. To amid undue pressure on the ischial tuberosity 
or groin, the splint was tied to the end of the bed which was then elex'ated. 

The advantage of this method, in contrast to the “closed-plaster” technique, was 
discussed in the light of a successful experience with the former on thirty compound and 
twenty simple fractures. 

Kienbock’s Disease and Its Treatment. By Mr. F. C. Dwj-er, Liverpool. 

The author considered that this peculiar affection of the carpal semilunar is prob- 
ably due to a fibrosis of the dorsal ligaments attached to the bone, resulting usually from 
trauma. From an experience with thirty-four patients, in ten of whom the damaged 
sermlimar had been removed, Mr. Dnwer felt that conservative treatment offered the 
optimum results in a condition which in any event always resulted in a pemianently 
damaged wrist. 
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Nerve Regeneration and Nerve Grafting. By Mr. J. L. Young, M.A., O.xforcl. 

In a most stimulating discourse Mr. Young outlined the preliminary results of the ex- 
perimental work, now in progress at the Universitj’’ of Oxford, on nerve regeneration and 
nerve grafting in rabbits. At the start he warned against complete application of the 
experimental findings to man, even though they had been very accurately demonstrated 
in animals. 

The need for a qualitative method of comparison between different procedures for 
nerve repair was emphasized. The rate of growth of new fibers was adopted as a crite- 
rion, and a method of estimating it was developed. The rate for rabbits was found to be 
about four millimeters a day, was the same in all nerves, and approximately the same at 
all levels. Certain suture material occasioned severe reactions, — for example, catgut and 
pigmented silk. White silk, woman’s-hair sutures, and fibrin “glue” produced the least 
reaction. Return of function was often rapid, and it was emphasized that such rapid 
recoveries occurred after full wallerian degeneration,- — they were not due to “physio- 
logical interruptions” such as can occur after ischaemia, but which clear up even more 
rapidly. Mr. Young pointed out that the delay between interruption and recovery of a 
nerve's conduction has three parts; 

1. In the juncture scar, — probably about twenty days in man. 

2. In the nerve itself, during the growth of fibers down it, — ^probably at the rate of 
2.5 millimeters a day in man. 

These two phases comprise the anatomical delay. 

3. In the muscle, the functional delay, — about forty to sixty day's in man. The 
delay' in the muscle seems to be shorter if the muscle has been denervated for only a short 
time, — a finding strongly in favor of early suture. 

The problems of bridging gaps were discussed. It had been demonstrated tha 
nerves could not be stretched suddenly more than 10 per cent, of their total length, an 
that increase in length from gradual stretching probably' was due to actual grovth in 
length of the nerve, rather than to stretching. For grafting, autografts had given nios 
success in rabbits, and there were some encouraging results from homografts. 

It is impossible in this brief space to report adequately the many interesting pom s 
which Mr. Young raised. It is hoped that he and his coworkers will shortly' pub is o 
results of their studies in detail. 


AMERICAN ORTHOPAEDIC ASSOCIATION 


held 


The Fifty'-Fifth Annual Meeting of the American Orthopaedic Association v as 
in Toronto, Ontario, Canada, on June 9, 10, 11, and 12, 1941, under the resi 
Dr. D. E. Robertson. The headquarters were the Royal York Hotel, an e se 
were held at Hart House, University of Toronto. , , 

Monday and Tuesday mornings were devoted to clinical sessions pr. 

local committee, and cases were presented by the following: Dr. A. D. i c ® ^ 

F. R. Wilkinson, Dr. S. A. Thomson, Dr. W. S. Keith, Dr. A. W. ^rmer, ^ ^ 
McDonald, Dr. A. B. LeMesurier, Dr. D. E. Robertson, Dr. R. I- G. 

Coulthard, Dr. Gordon M. Dale, Dr. G. D. W. Murray, Dr. F. I. Lewis, 
McKenzie, and Dr. W. E. Gallic. 

At the scientific sessions the following papers were presented . 


Tuesday, June 10 

Afternoon Session 

President’s Address. 

Dr. D. E. Robertson, Toronto. 

End-Result Study' of the Treatment of Idiopathic Scoliosis. 

The Research Committee of the Association Dr. A. R. - 

Wilmington, Delaware; Dr. Joseph S. Barr, Boston, Massac use 
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Coloiina, Oklahoma City, Oklalionm; and Dr. Lawrence Noall, Research Fellow 
of the Nemours Foundation, Wilmington, Delaware. 

A'algus Deformity of the Knee Resulting from Injury to the Lower Femoral Epiphysis. 

Dr. liCRoy C. Abijott, San Francisco, California. 

.imputations for Arterial Disease. 

Dr. Harry B. Macej’, Rochester, Minnesota. 

Discussion opened bj’ Dr. A. B. LeMesurier, Toronto. 


Wednesday, June 11 

Morning Session 

Surgical Stabilization of Paralytic Dislocated Hips. 

Dr. Halford Halloek, New York, N. Y. 

Discussion opened bj' Dr. R. 1. Harris, Toronto. 

Hospital Treatment of Chronic Rheumatism. 

Dr. Robert B. Osgood, Boston, Massachusetts. 

Discussion opened by Dr. J. Albert Key, St. Louis, Missouri. 

The Treatment of Acute Osteomyelitis by the Sulfathiazole Drugs. 

Dr. Robert W. Johnson, Jr., Baltimore, Maryland. 

Discussion opened by Dr. Frank D. Dickson, Kansas City, Missouri. 
Fractures and Fracture-Dislocations of the Astragalus. 

Dr. Robert D. Schrock and Dr. Herman F. Johnson, Omaha, Nebraska, 
Discussion opened by Dr. Oscar Lee Miller, Charlotte, North Carolina. 
Treatment of Compound Fractures. 

Dr. Philip D. Wilson, New York, N. Y. 

Afternoon Session 

Symposium on War Subjects. 

The Red Cross and London, September, 1940. 

Col. George Nasmith. 

The Canadian Project for the Preparation of Dried Human Serum for Military 
Use. 

Prof. C. H. Best. 

Orthopaedic Experiences with Ex-Soldiers. 

Dr. Ross Millar. 

Experiences in England, 1940. 

Dr. Philip D. Wilson. 

Orthopaedics Relating to the United States Army. 

Dr. George E. Bennett, Dr. Guy W. Leadbetter, and Col. Norman T. Kirk. 
Other speakers in the Symposium were Dr. Gillies and Dr. Kelley. 


Mornmg Session 


Thursday, June 12 


Extension Deformities of the Cervical Spine. 

Dr. Lloyd T. Brown, and Dr. John G. Kuhns, Boston, Massachusetts. 
Discussion opened by Dr. A. Bruce Gill, Philadelphia, Pennsjdvania. 
Myxomatous Tumors of the Knee Joint. 

Dr. Ralph K. Ghormley, and Dr. Malcolm B. Dockerty, Rochester, Minnesota. 
Discussion opened by Dr. Allen F. Voshell, Baltimore, Mar 3 dand. 
Resection and Transplantation in the Treatment of Bone Sarcomata. 

Dr. Dallas B. Phemister, Chicago, Illinois. 

Discussion opened bj'^ Dr. Willis K. West, Oklahoma City, Oklahoma. 
Femoro-Ischial Transplant in Certain Cases of Tuberculosis of the Hips. 

Dr. David M. Bosworth, New York, N. Y. 

Discussion opened b 3 ' Dr. Halford Halloek, New York, N. Y. 
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Vitallium-Mold Arthroplasty (moving-picture demonstration). 
Dr. M. N. Smith-Petersen, Boston, Massachusetts. 


The Annual Dinner was held at the Royal York Hotel, on Wednesday evening, 
June 11. The speaker of the evening was Sir Robert Falconer. 


At the last Executive Session the following officers were elected: 
President-Elect: Dr. Frank R. Ober, Boston, Massachusetts. 
Vice-President: Dr. A. B. LeMesurier, Toronto. 

Secretary: Dr. Charles W. Peabody, Detroit, Michigan. 
Treasurer: Dr. Frank D. Dickson, Kansas City, Missouri. 


The following members of committees and delegates were elected : 

Membership Committee: Dr. Mather Cleveland, New York, N. Y. 

Program Committee: Dr. Myron O. Henry, Minneapolis, Minnesota. 
Delegate to the American College of Surgeons: Dr. James Archer O’Reilly, 
St. Louis, Missouri. 

Representatives on the American Board of Orthopaedic Surgery: Dr. George E. 
Bennett and Dr. Allen F. Voshell, Baltimore, Maryland. 

The President for the current year is Dr. George E. Bennett, Baltimore, Maryland. 
The 1942 meeting will be held in Baltimore, in May. 


The following were elected to active membership in the Association : 
Dr. Walter P. Blount, Milwaukee, Wisconsin. 

Dr. Frederick C. Bost, San Francisco, California. 

Dr. A. W. Farmer, Toronto. 

Dr. P. M. Girard, Dallas, Texas. 

Dr. R. Nelson Hatt, Springfield, Massachusetts. 

Dr. Frederick A. Jostes, St. Louis, Missouri. 

Dr. Beveridge H. Moore, Chicago, Illinois. 

Dr. Jesse T. Nicholson, Philadelphia, Pennsylvania. 

Dr. Eugene M. Regen, Nashville, Tennessee. 

Dr. John A. Singling, Urbana, Hlinois. 

Dr. Paul B. Steele, Pittsburgh, Pennsylvania. 

Dr. T. Campbell Thompson, New York, N. Y. 

Dr. R. M. Wansbrough, Toronto. 

Dr. Edward Harlan Wilson, Columbus, Ohio. 


On Tuesday evening a dinner was given at the Toronto Hunt Club by Dr. and 
Robertson, an occasion greatly enjoyed by the members of the Association. 

Those who attended the Meeting report that it was one of the best ineetings 
Association ever held. Great credit is due the President and members ® ® ^*the Pro- 

mittee, Drs. LeMesurier, Farmer, Thomson, McDonald, and Harris, as ve 
gram Committee of which Dr. Alan DeForest Smith was Chairman. 
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FnACTUUES AND Other Bone and Joint Injuries. R. Watson-Jones, B.Sc., 

M.Ch.Ortli., F.R.C.S. Ed. 2. Baltimore, Williams and Wilkins Co., 1941. S13.50. 

Of all of the comparatively numerous textbooks and volumes of reference on the sub- 
ject of “fractures and other injuries to the bones and joints” which have appeared within 
the past ten years, none is more delightfully written or more stimulating in manner of 
presentation than is this scholarly work by Watson-Jones. 

As stated by the author, the first edition of this book was written in days of relative 
peace. However, that volume Included the tested and proved procedures through which 
the science of orthopaedic surgerj', and particularly of fracture treatment, had advanced. 
This second edition includes material and information obtained by Watson-Jones, 
through his own experience and that of his colleagues, in rendering aid as civilian con- 
sultant orthopaedic surgeon to the Roj'al Air Force. 

The chapter on open and infected fractures and war wounds has been rewritten. 
Recent developments in chemotherapj', blood and plasma transfusion, the treatment of 
wound shock, the closed-plaster technique, and the technique of amputation have been 
considered with finesse and clarity. The quality of the illustrations and of the printing, 
as was also true of the first edition, is so excellent that they are deserving of special com- 
ment. The physiology of the healing of a fracture is beautifully portrayed in a full-page 
colored photomicrograph, and there are other noteworthy illustrations in color. 

After this book, there is little for the modern fracture surgeon to add to the subject. 
WTiether used as a book of reference or a textbook, this is a volume of classical medical 
writing which will be a valuable and prized addition to the library of the doctor who has 
any interest in the treatment of fractures or other injuries to the bones or joints. 


Arthritis and Allied Conditions. Bernard I. Comroe, M.D. Ed. 2. Philadelphia, 

Lea & Febiger, 1941. S9.00. 

The second edition of this book is better than the first. It has been amplified and 
brought up to date, especially in regard to gold therapy and sulfanilamide preparations as 
used today. The text is clear and simple. Many questions asked by the general prac- 
titioner have been answered in a practical way by the author’s “box form” summaries 
which are excellent. These make the book very useful for quick reference on almost any 
subject connected with arthritis on which the physician may wish to refresh his memory. 

As a textbook, it presents one of the best reviews so far published. All the usual 
forms of therapy as used by the experts are carefully described, — massage, baking, exer- 
cise, rest, splinting, and surgery. The more recent forms of treatment — such as gold, 
sulphur, and bee venom — are appraised and given to the reader to use as he wishes after 
knowing the opinion of the authorities on all the special subjects. 

There are additional chapters on backache, feet, sciatica, shoulders, and tumors of 
the joints. A special chapter on the organization of an arthritic clinic is of real value to 
the hospital administrator. 

The first edition found a place in American medical literature which should be made 
more secure by this improved second edition. It is well worthy of study by all physicians. 


Emergency Surgery. Hamilton Bailey, F.R.C.S. Ed. 4. Baltimore, The Williams 
& Wilkins Co., 1940. S15.00. 

This new edition contains all the good features of the previous editions plus many 
new ideas. The book is excellent in its clearness, simplicity, and excellence of illustra- 
tions. Being a treatise on “emergency surgerj'” it aims to portray the high lights of all 
procedures which may have to be done as emergencies. It is so carefulR’’ arranged and 
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indexed that one about to perform an emergency operation could look up the matter in 
question in a very few minutes. 

This edition was published in Great Britain shortly after the onset of the War and 
for this reason does not contain any new points developed from war surgery. However, 
it does bring up to date all the new surgical procedures which are of such importance in 
war surgery. Some of the new subjects treated at length are: intravenous infusions, 
transfusions, typing, the use of stored blood, the use of the vacoliter and transfuso-vac, 
peripheral embolism, thrombosis and phlebitis, the use of sulfanilamide in gas gangrene 
and other infections, and the use of the Miller-Abbott tube. 

All the major operative procedures are clearly discussed and illustrated by careful 
engravings. Many of the more important illustrations are in color. This is by all means 
the best edition thus far, and one of the finest books we have seen on surgical emergencies. 

The Pharjiacology of Anesthetic Drugs. John Adriani, M.D. Ed. 2. Springfield, 
Illinois, Charles C. Thomas, 1941. $3.50. 

The eighty-six-page syllabus on the pharmacology of anaesthetics is the first at- 
tempt to correlate the physical and theoretical with the clinical features of anaesthesia. 
It is a book of equal value to clinicians of medicine, surgery, and anaesthesia, and pre- 
sents physiological and pathological effects of the drugs used in anaesthesia and general 
medicine on the various organs and .systems of the body. The book consists of a com- 
pilation of valuable data from periodicals, textbooks, and other sources in the medical and 
scientific literature, as well as original clinical and laboratory investigation by the author 
and his collaborators. Many interesting charts and diagrams simplify the book and 
make it instructive and interesting. 

The main issues under consideration are the pharmacology and chemistry o le 
anaesthetic and non-anaesthetic drugs employed in anaesthesia; the physiology of respi 
ration, with reference to the pathological conditions arising during anaesthesia; the p ysi 
ological and toxic effects of the gaseous volatile; aliphatic anaesthetic agents, and oca 
anaesthetics used in regional anaesthesia. The use of stimulating drugs used as ana 
leptics is considered separately, as is the use of the inorganic gases, such as oxygen an 
nitrogen, helium and carbon dioxide. ,. > 

Other valuable data are presented on preanaesthetic medication, carbon 
absorption, complications and accidents during anaesthesia, postanaesthetic 
and anaesthesia and respiratory complications. A section on fires and exp osions 
anaesthetics and a brief but very valuable bibliography makes the book complete. 

Die Wirbeltuberkulose tjnd ihre Heilung (Tuberculosis of the Spine *^arks 

Dr. med. Julius Friedrich von Finck. Stuttgart, Ferdinand Enke, 

Surrounded by the articulate champions of this and that new metho , i se 
most superfluous to return to the study of old methods. There is nothing new _ ^ 
treatment of tuberculosis, however, and the “old timers” had the advan age 
much more clinical material than we see today. From an experience of for y jgggnd- 
conservative treatment of spinal tuberculosis in Russia and Germany, an a 
ary character now summarizes his life work in a monograph which manj 
will find at variance with their convictions. Before and after photograp s 
ograms of corrected deformities compel one’s attention to his aphorisms. j^tgrvcrte- 
is carried to the spine through the lymphatics and usually appears fimt m m 
bral disc, and should be treated by compression, not extension. e mos 
therapeutic measure is generalized muscle relaxation. gilibus, i= 

The use of plaster beds, with the “cotton cross” making pressure to 

only one part of a painstaking technique which is of considerable prac conscrv.'i- 

any orthopaedic surgeon. Long pointed to in Europe as a bulw ar ' o s ea 
tism, the work of von Finck is now recorded in readable form. s lou 
a valuable record to the next generation. 
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Massage ix Nunsixo Care. Kathryn L. Jenson-Nelson, M.A., R.N. Ed. 2. New 

York, The Macmillan Co., 1941, S2.00. 

The first edition of this book appeared in 1932 under the more satisfactory title 
“Fundamentals of Massage” and, with some additions, contains “the essential facts 
in the science and art of massage which the author believes are fundamental in the educa- 
tion of any nurse”. This new title “Massage in Nursing Care” is a misnomer, as it fails 
to cover the phases of massage which arc required of the professional nurse. 

Set up as a textbook, it assumes that the student nurse, in the minimum required 
time (seven hours of theory and eight periods in the laboratory) can master the theory 
and practice of the application of massage, as well ns some of the active and passive 
movements, and learn to make intelligent decisions in arranging her own prescriptions for 
the treatment of many diseases of the muscular, circulatory, nervous, and gastro-intesti- 
nal systems. The brief and generalized descriptions of the care of conditions considered 
are only sufficient to give the nurse a prefatorj' interpretation of the value and applica- 
tion of this modality as a part of the treatment of the patient, and certainly should not be 
interpreted to be sufficient information to equip any worker to treat the various condi- 
tions described. The treatment of postural defects, sprains, fractures, arthritis, circu- 
latory disturbances, poliomyelitis and other paralyses according to the standards for 
physical-therapy training approved by the Council on Medical Education of the Ameri- 
can Medical Association, belongs in the hands of a specialist trained in physical therapy, 
and is not required of the attending nurse. 


Notfallchirurgie. Die AusfOhrung der dringuchen blutigen Eingriffe (Emer- 
gency Surgery). Priv.-Doz. Dr. Adolf Ritter. Stuttgart, Ferdinand Enke, 1940. 
40.50 marks. 

This text constitutes Band 63 of the system of Neiie Deutsche Chintrgie appearing 
currentlj' under the general editorial supervision of Sauerbruch. Primarily the work is 
intended for the general surgeon who is called upon to handle any emergency. The di- 
rections for the procedures recommended are interestingly presented in a concise form. 
The larger part of the work is devoted to subjects which do not especially concern the 
orthopaedic surgeon. The hundred or so pages which deal with orthopaedic problems 
are devoted mainly to the treatment of inflammatory conditions. Fractures are but 
sketchily discussed. The surgery of paralysis and of congenital malformations is, b}' the 
nature of the work, completely excluded. 


The American Illustrated Medical Dictionary. W. A. Newman Borland, A.M., 
M.D., F.A.C.S., with the collaboration of E. C. L. Miller, M.D. Ed. 19. Phila- 
delphia, W. B. Saunders Company, 1941. S7.00 (Thumb-Indexed, S7.50). 

The Nineteenth Edition of this book has just appeared. Each edition is welcomed, 
because of the character and the amount of the new information which it always gives 
as well as the accuracy with which the advances in the different fields of medicine and 
surgery have been followed. 

It is distinctly a word book, but it is very much more than a dictionary of medical 
terms and conditions, because of the large amount of information on the different subjects, 
which gives to the practitioners the data so frequently needed. Information in regard 
to laboratory methods, tests, etc., accompanies definitions. Under important headings 
a considerable amount of collateral descriptive matter is appended; for example, under 
drugs is given information in regard to their origin, their composition, dosage, etc. ; under 
special diseases, information in regard to their etiologj^, clinical data, often with symptoms 
added; and this general principle is carried throughout the book in regard to all of the 
different headings and the later advances, to give more than merely suggestions of the 
progress in the latter j'ears. 


VOL NXIII, NO. 3. JULY' IBIl 



728 


CURRENT LITERATURE 


The important data in regard to the pronunciation, derivation, etc., are made a 
special feature, all of which afford in a brief and convenient form that knowledge of 
which the busy medical man is in constant need, and he will find the large amount of 
information contained in the book presented in a practical and convenient form. The 
illustrations, diagrams, and charts, of which there are a great many, add to the attractive- 
ness and to the interest of the volume. 

Field Surgery in Total War. Douglas W. Jolly, M.B., Ch.B.N.Z. New York, Paul 

B. Hoeber, Inc., 1941. $3.50. 

The author commanded a mobile surgical unit in the Spanish War, and the opinions 
expressed in this book are based on his personal observations of some 4,500 wounded 
men. The book is divided into two sections. 

Section 1 covers the organization and tactical disposition of surgical units in the 
field. To overcome the “time lag ”,patientswere evacuated to the “Classification Post”, 
one to four miles behind the front. “First” urgency cases were despatched immediately 
to the adjacent No. 1 Hospitals which, to be effectual, had to be within the five-hour 
“time lag” from the front. No. 2 Hospitals, which were located farther to the rear, 
within a ten-hour “time lag”, received all other cases except the slightly wounded and 
sick who were evacuated directly to the sector Evacuation Hospital located at a rail head. 
The ‘ ‘ time lag ” to this Hospital was under eighteen hours. 

The mobile surgical unit was the basic unit of the three-point forward system. It 
consisted of a surgical lorry (auto-chinigire), and one ambulance for transportation of 
personnel, — used for evacuation of patients when the team was on station. ^ 

Section 2 (more than two-thirds of the book) covers the surgical technique used in 
the forward areas. The author classifies war wounds into two mam groups: (a) those 
requiring immediate operation for the saving of life (at Hospital No. 1), and^ (b) those 
requiring operation as soon as possible for the shortening of the period of disabiht}'. 

Various types of anaesthesia are discussed and contra-indications are considere . 
One chapter is devoted to each of the following: wounds of the nervous system; extremities, 
face, jaw, eye, ear, and neck; chest; abdomen; and genito-urinary system. Guns o 
wounds of the abdomen are discussed in detail. 

This is a very excellent reference book for the surgeon interested in the evacua ion 
and emergency treatment of war w^ounds. 


Fracturas Recientes del Raquis. Algunos de sds Aspectos (Recent Fractures 
the Spine). Dr. Jose Luis Bado. Montevideo, 1940. 

This is a very well organized study of 117 cases of fracture of the spine vi 
cellent illustrations, roentgenograms, colored line drawings, and photograp s o ^ 
mortem specimens of the spine, etc. The monograph of 152 pages, well pi in e on 
good paper, is divided into several parts; 


1 . 

2 . 

3. 

4. 

5. 

6 . 

7. 


General statistical considerations; 

Clinical varieties of fractures of the spine; 


and 


Treatment of recent vertebral fractures without involvement o le 
spinal cord; 

Inconveniences and complications of reduction in hyperextension, 
Physiopathologj’^ of injuries of the spine and spinal cord. 

Laminectomy in the treatment of lesions of the spine and spina 

The present status of treatment of fractures of the spine u it spina , 

Each chapter is followed 


Numerous 


illus- 


The subject matter is written in a lucid style, 
resumd, and the most important findings are printed in large letters. fractures 

trative case reports are given in substantiation of the description o le . Up^ifions, 


and various methods of treatment. 


oi me aesuiipwv.. „i:p.,fions, 

The symptomatology of surgeon 


and the indications for treatment are remarkably complete, 
acquainted vrith Spanish would find the monograph ver 3 ' instruc i\e * 
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t'llKn DIE En'TSTEIIUNO, Erkennun’r UND VeR-MEIDUNG der postoperativen Fern- 
THROMRosE (Tlic Development, Recognition, and Prevention of Postoperative 
Perijilieral Thrombosis). K. Lcnggenlmgcr. Leipzig, Georg Thieme, 1941. 2.85 

marks. 

In this sixty-three-jiage monograph dedicated to Prof, de Inervain, the writer sum- 
marizes an eight-year study of periplieral thrombosis. It is Ins belief that a thrombosis 
in the vein begins as an agglutination of the platelets. Injury to the endothelium of the 
vein plays no part in the localization of the thrombus; this is determined by a local slow- 
ing of the blood stream. The precumors of thrombin enter the blood stream from the 
operative or injured area. Fresh fibrin, which cannot be demonstrated by the Weigert- 
color reaction, is absorbed by the blood platelets. This agglutination of platelets and 
fibrin forms the basis of the thrombus. If the lumen of the vein becomes plugged, a red 
secondary thrombus then appears with only partial closure of the vein. 

There is a great individual variation in thrombin formation. Some individuals have 
a thrombin which is active longer in their blood stream. The livers of different indi- 
viduals also have a different capacity for the formation and activation of thrombin. 
Then there is the local slowing of the venous circulation, — more marked in the presence 
of varicosities and poor circulation. 

Prevention of peripheral thromboses hinges upon the hindrance of the resorption of 
thrombin, and upon measures to improve the local circulation; but the neutralization of 
the thrombin is the most important. The thrombin resorption reaches its zenith about 
one hour after the operation. 

There exist two antithrombin substances, heparin and hirudin. The latter in larger 
doses is toxic. The administration of heparin is given in older patients (over forty-five) 
bj' injection about the site of the wound at the end of operation; this provides slow ab- 
sorption for several hours. Or it may be given one hour after operation intravenously, 
five hours after operation, and finally thirty hours after operation. At the Berlin Clinic 
since 1935, 9000 patients have been operated upon, and of the 2500 treated with this 
heparin prophylaxis, none have died of embolus. 

Heparin therapy can also be used when the first signs of peripheral thrombosis appear 
and can be repeated in twelve hours. By this means much, but not all, thrombin in the 
wound can be neutralized. In addition, the circulation should be stimulated by deep- 
breathing exercises every half hour, and by passive stimulation with drugs. 


Uber die subkutane totale Achidlessehnenbuptur UND DEREN Behandlung (The 
Treatment of Total Subcutaneous Rupture of the Achilles Tendon). Nils Silfver- 
skiold. Ada Chirurgica Scandinavica, LXXXIV, 393, 1941. 

The writer reports four acute and three chronic cases of subcutaneous rupture of the 
Achilles tendon, reviews the literature, and proposes a plastic operation to reinforce the 
tendon suture. A flap three to four by ten centimeters of the posterior layer of the 
Achilles tendon was turned down and rotated on the distal pedicle so that the smooth 
outer surface remained posterior. It was sutured along the sides and to the attachment 
of the Achilles tendon. Such good results are obtained b 3 ' the operative treatment that it 
should be preferred to the conservative. — Walter P. Blount, M.D., Milwaukee, Wisconsin. 


Antituberculous Immunity Produced by B C G Vaccine. J. Zejdand and E. Piasecka- 
Zejdand. Acta Paediatrica, XXVII, 393, 1940. 

Zeyland and Piasecka-Zejdand of Posnan, Poland, attempted to determine whether 
specific immunity was produced bj' B C G vaccine. Experiments were carried out upon 
guinea pigs, giving to twenty animals twenty milligrams of a two-weeks-old BCG culture 
with two cubic centimeters of fluid intraperitonealty. In four weeks the intracutaneous 
tuberculin reaction was positive in these vaccinated animals. Subsequent^' all of the 
animals were given 0.01 milligram of a four-weeks-old culture of human tubercle bacilli. 
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and lowei- tibiofibular joints, stating that the advantages are that the entire blood supplj- 
to the shaft of the fibula is left intact, that the surgical approaches are outside the field of 
infection, if present, and that if a tibial graft is used, the fixation and stabilization will be 
greater. Fifteen cases are reported, five being due to hematogenous osteomyelitis, nine 
to fractures, and one to a pathological fracture following osteomyelitis. Eight cases 
were treated by fibular osteotomy and transplantation by the Huntington method, three 
bj^ tibiofibular fusion, and three by combined fusion and osteotomy, with a fibular graft 
used in the same leg in one case. In five cases, recurrent drainage occurred, and in three, 
temporary peroneal nerve palsy resulted. The table of results indicates good results and 
the technique is clearly discussed. Weight-bearing should not be attempted until from 
six months to a year after the second stage of the operative procedure, and then with ade- 
quate support until the clinical and roentgenographic evidences of union are adequate for 
weight-bearing in each case. Good results were obtained in thirteen of the fifteen cases 
reported . — CusHs Lee Hall, M.D., Washington, D. C. 


A Critical Appraisal of the Leg Lengthening Operation. Beveridge H. Moore. 

American Journal of Surgery, LII, 415, June 1941. 

End results of bone-lengthening pi-ocedures in fifty-two cases are studied with partic- 
ular emphasis on gait and function of the extremity. Forty-one were in the.lower leg, 
of which the cause of shortening was poliomyelitis; two were congenital; and two nere 
due to epiphyseal damage from manipulative treatment of club feet. Nineteen of the 
patients operated upon since 1929 were considered to have passed the rapid growth o 
adolescence. The lengthening was from one and one-half to two and seven-eight is 
inches, as checked on roentgenograms. Consideration was given to maintenance o 
length, secondary development of deformity, changes in muscle power, and gait or 
function. Maintenance of length was quite uniform and three patients showed more 
rapid growth than the normal leg; and one, failed to maintain the leg equality. ni 
provement was, of course, noted in postural balance, due to leveling of the pelvis an es 
sening of scoliosis. Knock-knee and valgus of the foot was increased in eight pa len s, 
and some loss of ankle function was noted, also changes in gait from greater sti am o 
the weakened hip abductors. Studies of the gaits of these patients showed tlia six m 
improved, nine were not improved, and four were worse, which led to the cone us 
that the two elements of shortening and muscle weakness must be carefullj eva u 
so as to make a more careful selection of cases. 

Patients with weak hip fixators and quadriceps accounted for most o t e ess 
factory results. No cases of non-union were found, only one case of bone m ec lo i 
only moderate bone displacement in the fragments. Foot displacement oceuire ^ 
cases, and foot stabilization was done after the lengthening was comp e e. i 
turbance of a temporary character was seen in two cases. ^ v, . i th cannot 

Contra-indications are old osteomyelitis and epiph 3 'seal injuries v ere 
be maintained. In congenital shortening each case must be considere separ^^^ 
author does not consider the operation feasible in patients without enoug ^ gluteus 
without a brace. Best results are in poliomyelitis cases with enough power 

muscles to fix the pelvis against gravity when walking, and sufficien ggses, 

to extend the knee with several pounds' resistance to the ankle, n gait 

the shoe should be built up to equal the proposed lengthening, an 
observed . — Custis Lee Hall, M.D., Washington, D. C. 


, Intertrochanteric Fn^" 


Guide FOR Internal Fixation OF Intracapsular AND INTER IK 443 , June 

OF THE Femur. I. W. Kaplan. The American J ournal of Surgery, 

Mechanically', the guide consists of a metal frame vith I shaped ^ ffrp.'itcr 
the bottom. One end is held at the juncture of the shaft o t e : 
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trochanter by tlic notched ends and tlic other below on the shaft of the femur. A handle 
is used to liold the guide and indicate thus the horizontal plane. The director is a square 
piece of metal l)ctwcen the two V’s and guides the wire or drill. It is set on a pivot which 
can be adjusted at any angle, and set by a screw on its undersurface. The director is 
equipped with three oiienings so that double screws or a single wire may be used. The 
toji half can be removed if two screws are used. An angle guide is used, and for most 
cases is set at 127 degrees, and 20 degrees of internal rotation allows for horizontal-plane 
adjustment of the device. This procedure has been employed in thirty-eight cases, and 
operative time has been reduced to from thirty-five to forty minutes. — Cuslis Lee Hall, 
M.D., Washington, D. C. 


Treatment of Fractures of the Shaft of the Femur by Double Wire Traction. 

H. A. Swart. American ,Iournal of Surgery, LII, 507, June 1941. 

The use of skeletal traction in fractures of the shaft of the femur is reviewed. In the 
author’s experience since 1935, the use of a Kirschner wire through the distal fragment 
and a Thomas splint with Pierson attachment resulted in upward bowing which persisted 
in spite of change of angle or manipulation, and usually resulted in open reduction. By 
the use of a second wire, placed through the proximal end of the distal fragment, and down- 
ward traction, reduction was obtained. In cases of displacement of the distal fragment 
posteriorly, traction with the second wire upward produced the necessary reduction. Six 
cases are reported, and two additional cases are mentioned, in which a third wire was used 
with a ventral pull on the distal end of the proximal fragment and a dorsal pull on the 
proximal end of the distal fragment. Results were reported as good. — Custis Lee Hall, 
M.D., Washington, D. C. 


A Re\uew of 58 Cases of Tabetic Arthropathy. Maurice M. Pomeranz and 

Abraham S. Rothberg. American Journal of Syphilis, Gonorrhea, and Venereal 

Diseases, XXV, 103, Jan. 1941. 

The authors describe fifty-eight cases with unquestionable roentgenographic evi- 
dence of tabetic arthropathy, of the ninety which were seen at the Hospital for Joint Dis- 
eases during the past ten years. About 72 per cent, of the cases occurred in white 
males. 

Of the nineteen cases noth multiple involvement, in two the spine and hip joints 
were involved; in one, the knee and foot; in one, the hip and knee; and in one, the hip and 
pelvis. There were twelve instances of bilateral disease, in three of which the hips were 
affected; in four, the knees; and in five, the feet. Where bilateral disease occurred, the 
parts were not affected simultaneously. 

In contrast to the generally accepted view, the authors found that pain was frequently 
a prominent feature — in many instances the sole reason for reporting to the hospital — 
that motion frequently increased the pain, and that rest gave great relief. They no longer 
believe that lack of pain is of diagnostic importance. It is probable that the persistence 
of pain is due to an incomplete destruction of the pain fibers in the column of Goll and 
Burdach or in the spinal thalamic tract. Absence of the knee jerks, the Argyll-Robert- 
son pupil, ataxia, and the Romberg test, in this order, are the neurological criteria which 
substantiate the diagnosis. It is just as important to repeat the neurological examina- 
tion as the serological tests, as definite signs of tabes may ultimately develop. Only 62 
per cent, of the patients had positive serological tests, and a relatively high proportion 
were completely negative. In spite of the greater value of the spinal-fluid examination 
in tabes, spinal taps were not performed so frequently as blood tests. 

The authors agree with many other observers that the roentgenogram often provides 
the first clue to the existence of sj^ihilis. In the early manifestations of the disease the 
most constant finding is the accumulation of fluid within the synovial sac, but of greater 
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importance is the presence of a slight sclerosis of the bones comprising the joint, which 
ma}' be so slight as to be overlooked or misinterpreted by the inexperienced. 

In the advanced stages of Charcot’s disease, there may be no osteoporosis, but in 
the early stage of the disease when pain is usually present, there is a variable degree, 
the roentgenographic appearance of which is considerably modified by the associated 
syphilitic osteosclerosis. 

Callus formation may be excessive where the fractures extend into the shaft, but 
scanty or absent where articular surfaces ai’e involved. There may be intramuscular 
or ligamentous ossifications of varying degree, forming a cuff of bone around the joint, 
most characteristically about the knee and hip. 

The differential diagnosis is chiefly concerned with the elimination of syringomyelia 
as a causative factor. Although the diagnosis of a neuro-arthropathy solely by the roent- 
genogram could be made without great difficulty as a rule, certain diseases at times 
simulated this condition rather closely. Chief among these were osteo-arthritis, py- 
arthrosis, neoplasms, and fractures about the joints. 

In this group of cases twenty-one operations were performed on eighteen patients, 
two of whom died following knee fusions. Although a total of eleven fusion operations 
were performed, the only satisfactory results were obtained in the cervical spine, and 
one knee. It is too early to determine the outcome of one fusion operation in the lumbar 
legum. 


CiuTiiRio FUNCTIONAL EN EL EXAMEN PEiuciAL DE LOS FRACTURADOS (Functional Criteria 

in the Critical Examination of Patients with Fractures). Oscar R. Mardttoli. 

Analcs de Cirugia, VI, 369, 1940. 

This article is an excellent discussion of how to grade a patient who has had a frac- 
tuie, and who is ready to return to work. The author brings out the point that in the 
('valuation of residual disability in the final results from a fracture, the patient should le 
lofikod at from a broad point of view, including his ability both to do the kind of work e 
had been doing, and to adapt himself to a new type of work. He quotes a legal decision 
in support of this idea, and stresses the point that what he calls a physiological end resii 
IS very much more important than the anatomical result. We are all too prone to loo a 
a roentgenogram and decide hoiv much disability a man has, following a fracture, w i e m 
reality the roentgenogram is only a small part of the entire examination. Often t ose pa^ 
tients with roentgenograms which shoiv quite a marked anatomical abnormalit}’^ w J 
an excellent functional result. On the other hand, some patients in whom the men 
gram reveals little or no anatomical disturbance have a great deal of loss of function in 
extremity. This is particularly true of the upper extremities. The aut j 

McBride in saying that there are three fundamental factors in the evaluation o 
result : mechanical and physiological alterations, the actual functional loss, an lo" ^ 
the patient can compensate or readjust for the loss. Another important ac or ' 
McBride points out is the possibility of the patient’s receiving financial compensa 
his injury. The author again stresses the fact that functional efficiency is 
important than the actual anatomical changes and presents several cases o ra ^ 
illustrate his point. The article is a very good treatise on the critical eva ua i^ 
end result in a patient with a fracture. — Loins IF. Brack, M.D., El Paso, exa 


Protrusion esencial del acet.abulo (Protrusio Acetabuli). 
Analcs de Cirugia, VI, 395, 1940. 


Oscar R. Mardttoli- 


Analcs de Cirugia, VI, 395, 1940. f • of the acctalR 

The author starts his discussion by saying that intrapelvic pro rusion ^ 
ulum is relatively infrequent, and, to his knowledge, there had been repo 
time of his article, only one other case in Argentina. The author ® -(voman, aged 

whose histories are given in some detail. The first case was t a o ppod 

thirty, who had had pain in the hip for about one year. Examine 

the journal of bone and joint siroer 
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(lojil of limitation of abduction and a moderate limp. Roentgenograms showed a bilat- 
eral protrusio aeetabuli which was much worse on one side than the other. The second 
case was that of a twcnty-threc-ycar-old male who had likewise had pain in the hip for 
about one year. Examination of this patient revealed considerable limitation of motion 
in all directions with the limb held in flexion and adduction. Roentgenograms showed a 
marked intraiielvic iirotrusion of the acetabulum on one side, and a very slight degree of 
the same condition on the other. Following the case reports, the author describes briefly 
the condition witli its pathology, the history of the discovery and recent advances in 
knowledge about it, and gives two classifications for intrapelvic protrusion of the acetab- 
ulum. The first classification is that of Golding, who divides cases into three groups; 
and the second is that of Julio Diez of Argentina, who simply divides the condition into 
two main tjnies, — secondary protrusions and essential protrusions. The author is of the 
opinion that the intrapelvic protrusion of the acetabulum occurs usually without arthritis, 
but that arthritis deformans invariably begins in these patients after the age of fifty. He 
points out, however, that Ingerfeld reported a case with arthritis deformans in a patient 
with intrapelvic protrusion of the acetabulum at the age of twenty-one years, while one of 
the author's own patients was onlj' twenty-two years old. The article is a very good dis- 
cussion of the subject of protrusio aeetabuli and the cases presented have good roent- 
genographic illustrations . — Louis IF. Brcch, M.D., El Paso, Texas. 


Extraskeletal Ossifying Tumors. Harwell Wilson. Annals of Surgery, CXIII, 95, 
Jan. 1941. 

Mesoblastic tumors containing bone occur, which have no connection with the skele- 
ton. The author reports ten such cases and gives a synopsis of thirty cases of bone- 
forming malignant tumors in the soft tissues described in the literature. 

Four of the ten cases reported were osteogenic sarcomata; one, a fibrosarcoma with 
degeneration, calcification, and heterotopic bone formation; one, a chondrosarcoma; one, 
a bursal sarcoma, with ossification in the primary tumor; one a case of von Reckling- 
hausen’s neurofibromatosis, with ossification in a neurofibroma; and two were fibrous 
osteomata. — 0. B. Bolibaugh, M.D., San Francisco, California. 

Russell Traction in the Treatment of Fractures op the Femur. Observations 
OF One Hundred Fifty'-Six Cases. Kenneth M. Lewis. Annals of Surgery, 
CXIII, 226, Feb. 1941. 

The author reviews the evolution of the treatment of fractures of the femur and 
points out the disadvantages of the various methods. The Russell method was adopted 
by the Fourth Surgical Division of the Bellevue Hospital in January 1930, because of lack 
of satisfaction with results obtained bj"^ skeletal traction. One hundred and fifty-six cases 
are reported in which this method was used: eighty-five intertrochanteric, twenty-three 
in the upper third of the shaft, eighteen in the middle third of the shaft, and thirty in 
the lower third of the shaft. Adequate reduction could not be obtained in seven cases, of 
which three were in the upper third and four in the lower third of the shaft. 

Seventy-four cases were men and eighty-two, women. The youngest was fourteen 
years of age, the oldest eighty-six. The average period of traction was seventy-eight 
days, the shortest forty-two days and the longest one hundred thirty-five days. The 
weight used for traction varied from five to ten pounds. Reduction was checked by 
roentgenograms rather than by external measurements. There were six deaths, all in old 
individuals and caused by senility and bronchopneumonia. One hundred and forty- 
three cases which were treated by Russell traction alone were followed to an end result. 

Reduction was easily accomplished and overriding corrected. Union was obtained 
in all instances. Traction was maintained until union was demonstrated clinicallj' and 
by roentgenograms. The author states that few cases should be allowed unsupported 
weight-bearing under six months. Joint function was recovered more rapidly when this 
method was used. 
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The author concludes that Russell traction is the method of choice in intertrochan- 
teric fractures and for all those involving the shaft. He recommends open reduction and 
internal fixation with a Lane plate when muscle interposition is present. The method is 
not recommended for intracapsular fractures of the neck of the femur. He believes that 
skeletal traction should be discarded as a procedure in handling femoral fractures. — 0. B. 
Bolibaugh, M.D., San Francisco, California. 


Obsera^ations on Tuberculous Disease of the Spine in Madras. N. S. Narasim- 

han. The Antiseptic, XXXVII, 698, 1940. 

The author discusses his observations on tuberculous disease of the spine in Madras, 
where in the past three years he has treated 188 cases of vertebral tuberculosis as against 
195 cases of tuberculosis of all other bones. The maximum incidence was in children 
between two and five years, and boys were more often affected than girls. The majority 
of cases were in the thoracic region, ivith the eighth to the twelfth thoracic vertebrae most 
often involved, and the tivelfth thoracic vertebra more often affected than any other. 
The lesions Avere more often central than periosteal. Multiple infections of the vertebrae 
were common, and the articulations of the heads of the ribs AATre often involved. — Robert 
M. Green, M.D., Boston, Massachnsetts. 


Dislocation of the Radius Associated afith Fracture of the Upper Third of 
Ulna. M. G. IHni. The Antiseptic, XXXVII, 1059, 1940. 

Kini reports a series of 330 elboAV injuries, in ten of Avhich dislocation of the radial 
head Avas associated Avith fracture of the upper third of the ulna. One of these cases 
showed radial paralysis. The author describes his technique of reduction, and recom- 
mends excision of the radial head Avhen persistent redislocation occurs. — Robert M. Green, 
M.D., Boston, Massaclmsetts. 


Fractured Rib with Some of Its Complications. B. N. Sinha. The Antiseptic , 
XXXVI, 1083, 1940. , 

Sinha discusses the complications of rib fracture from direct and from transmi 
violence. In the former, he recommends operative intervention to repair intrat 
damage. The latter are best treated by immobilization with strapping foi a peuo 
from three to five Aveeks. — Robert M. Green, AI.D., Boston, Massachusetts . 


R6le of Small-Pox in the Production of Deformities By Causing 

Bones AND Joints. M. G. luni and P. Kesavaswamy. The Antiseptic, A > 

169, Mar. 1941. . 

IGni and KesavaSAA'amy call attention to the occasional role of smallpox m 
duction of deformities by causing infection of bones and joints. During the cmall- 

^ arthritis associated AVithsnwii 


the authors have seen tAA'enty-one cases of osteomyelitis or arthritis associa, 
pox, and four with vaccination. The arthritic cases all ended in ank3dosis. ^ patho- 
cases of elboAV ankylosis, excision gave satisfactory results. In all the hip cas^^^ 
logical dislocation occurred, with absorption or other changes in the pf aturc.— 

femur. The article is well illustrated and there is an excellent review of e i ‘ 

Robert M. Green, M.D., Boston, Massachusc 


Congenital Elevation of the Scapula. Alan DeForest Smith. Arc tic 

XLII, 529, Mar. 1941. . Orthe- 

The fifty' cases of congenital elevation of the scapula seen at t jiic dc- 

paedic Hospital from 1912 to 1939 are tabulated and analj'zed statis ica 

— fl'llOl-''' 
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volopnionf. of tlic dcformitj' is traced pliylogcnctically, and the pmovertcbral structure is 
shown to he tlie homologue of the suprascapular bone found in several lower vertebrates. 
Surgical treatment was used in 2S per cent, of the cases and consisted of essentially three 
procedures; (1) removing the omovcrtcbral connection; (2) freeing of the scapula sub- 
periostcally, with ex’cision of the upper part of the bone; and (3) freeing the bone and 
anchoring it at a lower level by suturing it to a rib. In general it was found that a num- 
ber of patients were not sufficient]}' deformed to warrant surgery, but in the more severe 
forms of this condition the operative correction afforded improvement in a fair percentage 
of the cases. — /. Williani Nachlas, M.D., Baltimore, Maryland. 


Fractures and Dislocations op the Cervical Portion of the Spine. With a 
Review of Eighty-Nine Cases. William Arthur Clark. Archives of Surgery, 
XLII, 537, Mar. 1941. 

In the study made of a series of eighty-nine fractures and dislocations of the cervical 
spine, it was found that minor trauma can produce dislocation alone, but that automobile 
accidents are responsible for most of the fractures. Neural complications were recog- 
nized by the presence of symptoms varying from slight tingling of the fingers to complete 
paralysis. Most of the injuries were found to be in the region of the fifth and sixth 
vertebrae. 

Treatment consisted of various procedures: “extension of the head”, followed by 
ambulatory support; manipulation, and application of cast; skeletal traction; and 
“expectant” (in cases of shock). The author feels that early reduction of the lesion is 
essential, since it may avoid a permanent paralj'sis through pressure on the cord. — I. 
William Nachlas, Baltimore, Maryland. 


Secondary Infection in Tuberculous Sinuses. R. B. McMillan. British Journal of 

Surgery, XXVIII, 415, Jan. 1941. 

From a study of non-pulmonary abscesses or sinuses in 132 patients, it was learned 
that tuberculous abscesses are free from secondary infection until they break through or 
are incised. A secondary infection was present in 90 per cent, of the sinuses studied; 
streptococci, staphylococci, and diphtheroid bacilli were predominant in that order. 

Secondary infection seemed to occur from the surrounding skin, from neighboring 
sinuses, or from “droplet” infection, particularly if the organism was the streptococcus. 
The beta hemolytic streptococcus was the only organism that had any serious effect on the 
patient, but when this was present the prognosis became more grave, the period of hos- 
pitalization was increased, and the general health of the patient became poorer. In a few 
instances it was evident that the local and general spread of the tuberculosis had in- 
creased. 

The secondary infection had no effect on the healing of the sinuses, which healed 
when and if the primary focus healed. — Ernest M. Daland, M.D., Boston, Massachusetts. 


Cartilaginous Tumour of the Shaft of the Ulna. T. Vibert Pearce and Douglas 

H. Collins. British Journal of Surgery, XXVIII, 432, Jan. 1941. 

This is a case report of a cartilaginous tumor of the shaft of the ulna, appearing in a 
boy of sixteen, apparently after being hit by a cricket ball. The lump was noticed the 
same day that the trauma occurred, but there was “no bruising” of the arm. He applied 
for treatment two months later because of pain in the forearm, difficulty in writing, and 
limitation in pronation of the wrist. 

A roentgenogram showed “a rarefied tumour expanding the cortex of the ulnar shaft 
on its dorsolateral aspect ”. On admission for operation six weeks later, there had been a 
marked increase in size of the tumor. The tumor was separated from the extensors of 
the thumb, outlined above and below bj' saw cuts, and removed with a chisel. 
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The tumor was partly covered by cortical bone with normal bone lying between it 
and the medulla, and was composed of adult cartilage in the deep layer, a small zone of 
foetal type of cartilage, a zone of myxomatous connective tissue, and finally a segment of 
collagenous fibrous tissue. Microscopically, no mitoses were seen. It was considered 
that this was a benign tumor beginning to show malignant changes. 

Normal function was gained, and three years later there was no recurrence . — Ernest 
M. Daland, M.D., Boston, Massachtisetls. 


Tratamiento Quiruhgico de LOS Temores de Celulas Gigantes db LOS Huesos 

(Surgical Treatment of Giant-Cell Tumors of the Bones). Alberto Inclan. Cirugia 

Ortopedica y Traumatologia (Habana), VIII, 63, 1940. 

The author reports a series of cases to demonstrate and explain the different surgical 
procedures to be considered in the treatment of giant-cell tumors of the bones. In two 
of these cases, the tumor was located at the patella, a very rare type which has been re- 
ported only fourteen times in the literature. 

Bone tumors presenting a benign aspect, clinically, roentgenographically, and 
pathologically, may be treated by curettage, curettage with bone graft, or removal and 
bone graft on condition that the whole tumor is removed, and primary cicatrization is 
obtained. 

Mass resection is indicated in recurrence of local malignancy, and in the so-called 
“aggressive type” when its malignancy is confirmed clinically and roentgenographicallj , 
as well as pathologically. The bone defect must be filled in order to maintain the form 
and length of the bone and to assure weight-bearing, even at the expense of some degree 
of limitation of movement of the joint or, if unavoidable, of total loss of movement. 

Amputation should never be performed, except on those patients who are referre 
to the surgeon too late, or who are bearers of a secondary infection following unsuccess 
ful curettage, or when there is no doubt regarding malignancy, as in bone sarcoma. 


EsTADO actual be la CiRUGfA DE LA CaDERA EN LAS INSUFICIENCIAS INTOTERADAS CO. 
GRAN cLAUDiCACidN (On the Present State of Hip Surgery in Severe impmg • 
Rend Gharry. Cirugia Ortopedica y Traumatologia (Habana), VIII, 37, 19 ■ ^ 

The author analyzes the conditions favoring the development of severe 
stresses that an efficient treatment must be logical and directed against each o is i ^ 
elements; limp, pain, and fatigue. On the grounds of these results, he 
low shelf osteotomy of support, straightening osteotomy, shortening of the ex rem 
for inequality in length, and drilling of the neck in arthritis deformans. of the 

He follows his own technique, when establishing the low shelf without sec ion 
glutei, and employs the wire method and malleable osteosynthesis plates or os eo 

The drill hole is centrally placed, and dead bone is used for nailing. ojodific."!- 
For the shortening of the sound limb, he uses his owm technique whic i is a 
tion of that employed by Hugo Camera. 

The results are excellent from the point of view of appearance. 

For malunion of fractures of the femoral neck, he employs the 
congenital dislocation, but obtains better function of the limb by using le 
osteotomy. 


rHE Tre.atment of Fracture of the External Tibial Condyle ( jggg j 94O. 
Joseph S. Barr. Journal of the American Medical Assonahon, ^ ^ 

This tjqie of injury is due to a blow on the anterior aspect 0 t le triangubf 

leight, or a twisting injur 5 ^. The fracture is a comminuted one, wi 1 which arc 

ragment which is laterally displaced, and several srnaller centra rag the 

ompressed downwards. The treatment is divided into three type- 
everity of the injurj' : 
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1. Wiieii tlic depression of tlic condyle is less than one-quarter inch, the leg is 
iniinobilized until tlie swelling in the knee subsides, then mobilization is carried out. 
When weight-bearing is resumed, a brace with knock-knee pad is applied and used for 
from two to six months. 

2. When the condyle is depressed one-quarter to one-half an inch, it is considered a 
borderline case. Results are about equallj' good in patients treated conservatively and 
those operated upon. 

3. AA'^hen the depression is over one-half an inch, surgical restoration is advised. 
Through a curved lateral parapatellar incision the knee joint is exposed first. Then the 
fracture site is exposed by subperiosteal stripping, and fragments replaced so that the 
articular surface is restored. While held in this position, they are fixed by passing a bolt 
transvereely through the fragments and upper end of the tibia. In the cases so treated, 
good results were obtained. — L. J. Levy, M.D., Dallas, Texas. 


Treat.ment op Fractures of Ulna with Dislocation op Head of Radius (Mon- 
TEGGiA Fracture). J. S. Speed and Harold B. Boyd. Journal of the Ameriean 
Medical Association, CXV, 1699, 1940. 

In discussing the Monteggia fracture, the authors emphasize the strong tendency 
toward radial deviation at the ulnar fracture site witli subsequent subluxation or recur- 
ring dislocation of the radial head. In treatment of acute fractures in adults, closed 
reduction can frequently be satisfactorily accomplished, but seldom gives good final 
results because of the radial angulation at the ulnar fracture site with subsequent sub- 
luxation of the radial head. For this reason, they prefer open reduction, fixation of the 
ulnar fragments with a vitallium plate, and the securing of the radial head firmly with a 
fascial sling. This procedure is performed readily by the exposure the authors have de- 
vised, and without injury to the radial nerve. In acute fractures of this type in children, 
closed reduction is frequently satisfactory, but if reasonable reduction is not obtained, 
surgery is advisable. 

In treating cases of non-union and malunion at the ulnar fracture site, an onlay graft, 
fixed with vitallium screws, is their method of choice. If the radial head is too rough- 
ened or cannot be reduced, the authors excise it. They have not found the results fol- 
lowing excision of the radial head to be of sufficient moment to contra-indicate the pro- 
cedure. — Louis J. Levy, M.D., Dallas, Texas. 


Treatment of Compound Fractures in War. Reports of Practical Experience 

IN THE Spanish Civil War. Leo Eloesser. Journal of the American Medical 

Association, CXV, 1848, 1940. 

Due to the difference between modern methods of warfare and those of years ago, 
the war surgeon found it necessary to revise his methods of treatment of the u ar injured. 
Means had to be discovered for rapid evacuation of patients with a minimum of post- 
operative care. 

The author found that chlorinated lime was the most satisfactory, easily procurable 
and easily transportable skin disinfectant. The surgeon works a paste of chlorinated 
lime into the hands and often has only a thin trickle of water for rinsing purposes. Fi- 
nallj^ alcohol, or iodine-alcohol, or a mercurial in alcohol-acetone is used. The patient’s 
skin is prepared with this chlorinated-lime paste, followed by iodine. Large drapes are 
dispensed with, and small yard-square drapes are used to surround the operative area. 

Morphine, procaine, evipal, and pentothal sodium are used together with light eth 3 d 
chloride for anaesthesia. Roentgenograms are not used at all at the front as most injuries 
are compound and condition and position of fragments are revealed at the time of 
ddbridement. 

Tlie author favors thorough debridement and allowing the wound to remain open. 
He warns against placing sutures in the depths of the wound. 
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He- discusses in great detail the emergency treatment of nerves, tendons, and dam- 
aged vessels, and the application of plaster splints and casts . — Maurice Jacobs, M.D., 
Dallas, Texas. 


Spontaneous Reduction of CEmucAE Spine Dislocations. J. T. Nicholson. Jour- 
nal of the American Medical Association, CXV, 2063, 1940. 

The author first presents a thorough discussion of the anatomy, etiology, and diag- 
nosis of cervical-spine dislocations, with special reference to the upper portion of the cer- 
vical spine. 

In reducing these dislocations, the author’s method is to place the patient on his 
back on three mattresses so that his head hangs free over the upper edge. In such a 
position the weight of the head acts as traction, and this pull in the hyperextended posi- 
tion “spontaneously” reduces the dislocation. 

The author found that this procedure was most satisfactory for spontaneous dis- 
locations. It did not work well in traumatic cases, and in these, the hazard of increasing 
cord oedema by the dependent position contra-indicates this method during the first 
one to two days following injury. Posterior dislocation is also a contra-indication. A 
complication encountered was oedema of the scalp in one patient. 

After reduction is accomplished, in forty-eight to seventy-two hours, a head and 
body plaster jacket is applied and kept on for twelve to sixteen weeks. This is followed 
by a Thomas collar which allows the strengthening of the neck muscles before leaving 
off all support . — Louis J. Levy, M.D., Dallas, Texas. 


Early Operation (Spine Fusion) in Unstable Lumbosacral Joints. Gilbert • 
Haggart. Journal of the American Medical Association, CXV, 2129, 1940. 

The author again calls attention to the almost unlimited possibilities of interpre a 
tion of backache, and the lack of agreement among surgeons in regard to the pathogenesis 
of low-back pain. He groups the cases as follows; Group I, older persons "'ho ave 
received conservative treatment over a period of years; Group II, younger pa len s 
treated by arthrodesing operations. No case was included which suggested the iagnosis 
of ruptured intervertebral disc. , 

The author discusses the subject of congenital anomalies of the low' back, an s a^ 
his adherence to the belief that such anomalies do produce symptoms^ thrOTg 

mechanics or w'hen the ligaments and muscles become “decompensated . * nts 

mechanical faults as unstable lumbosacral facets, bone defects in the posterior e 
of the lumbosacral vertebrae, transitional vertebrae, spondylolisthesis, abnonna J _ 
lumbosacral angle and posterior displacement of the fifth lumbar vertebra on t e sa 

and narrowing of the lumbosacral disc. . treatment 

He concludes that most patients who do not respond to conservative ‘ 
should be fused. In retrospect, he concludes (1) that patients receiving 
should not be fused until after a settlement has been made; (2) that no emo loi 
stable or psychiatric patients should be fused; and (3) that elderly patients s ou 
fused . — Maurice Jacobs, M.D., Dallas, Texas. 


Diastasis of the Distal Tibiofibular Joint anb 

AUdredge. Journal of the American Medical Association, CX , -- ' n^ure, and 

This tj'pe of injurj' is usually associated with extensive ligamen ous^ not 

results from external rotation on abduction injuries at the ankle. 

occur with a fracture. • - ku i nd ankle joints, 

The author briefly discusses the anatomy of the distal tibio u ar a 
and indicates that there is an upward gliding motion of the fibu a on ) {lie 

flexion of the foot, resulting in a widening of the mortise; and a on nw. 
fibula on plantar flexion, with a narrowing of the mortise. 

the jonsNAL or done and ioist sen 
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Tlip diagnosis is made by roentgenogram, which shows a widening of the space 
between tlie internal malleolus and the internal aspect of the talus, and indicates a 
rupture of the internal lateral ligament and tibiofibular diastasis. 

Tivatment consists of reduction, closed or, if this is impossible, open, with internal 
fi.xation and immobilization for from twelve to sixteen weeks. — Maurice Jacobs, AI.D., 
Dallas, Texas. 


Improved Technic for Removal op Semilunar Cartilage and Postoperative 
Treatment. Harold R. Bohlman. Journal of the American Medical Association, 
eXV, 2243, 1940. 

In discussing his technique for removal of semilunar cartilages, the author believes 
that local anaesthesia is preferable to spinal or general anaesthesia; he does not employ 
a tourniquet for the operation. A careful studj' of the patient is carried out before sur- 
gery, with special reference to bleeding time, clotting time, etc., and complete hemostasis 
is obtained during operation by means of electrocautery. Aspiration of the joint, followed 
by air injection, is sometimes done at the close of the operation, and frequently when the 
sutures are removed on the sixth day. Motion and partial weight-bearing are started 
at this time. Recovery is usually complete in three weeks. — Brandon Carrell, M.D., 
Dallas, Texas. 


The Medical Management of Fractorbs. Charles F. Nelson and Roland C. Nelson. 

Journal of the American Medical Association, CXVI, 184, Jan. 18, 1941. 

The authors offer some suggestions as to the medical management of fractures, based 
on the study and management of 1,000 fractures without a failure in union, on the forced 
regeneration of some fractures with greatly delaj'ed union, cases of osteoporosis, Paget’s 
disease, etc., and on animal exTierimentation. 

They recommend blood-chemistry determinations early in all fracture cases, so that 
accurate medical management can be instituted. The object of the medical manage- 
ment is to establish a serum-calcium concentration of from ten and five-tenths to twelve 
milligrams per 100 cubic centimeters, and a serum phosphorus of from three and five- tenths 
to four milligrams with a calcium-phosphorus ratio of three to one. In addition to milk 
and calcium medication (one quart of milk daily, calcium gluconate intravenously and 
four grams of powdered calcium gluconate in four ounces of water twenty minutes before 
meals), they suggest the use of parathyroid solution to assist in calcium metabolism. 
For phosphorus metabolism a diet high in phosphorus (liver, eggs, fish, cheese, etc.), 
supplemented by vitamin D, is advised. A normal amount of free hydrochloric acid in the 
stomach is necessary to assure absorption of calcium and phosphorus. — Brandon Carrell, 
M.D., Dallas, Texas. 


Cerebral Spastic Paralysis. The Obstetric History of One Hundred and 
Eighty-Five Cases. Gerald W. Gustafson and George J. Garceau. Journal of 
the American Medical Association, CXVI, 374, Feb. 1, 1941. 

The authors reviewed the birth history of 185 children with cerebral spastic paralysis. 
They found prematurity, with its associated fragility of the arteries, to be one of the 
most frequent etiological factors. Anaesthesia and analgesia were of little importance, 
and are sometimes definitely useful in preventing cerebral damage. The birth history 
was normal in the majority of cases, and many infants had no clinical evidence of respira- 
tory difficulty following birth. In these cases, the authors assume an actual lack of cere- 
bral development as the cause of spastic paralysis. 

The authors conclude from their results that proper management of labor constitutes 
the best prevention of spastic paralysis. This is especially emphasized in restricting the 
use of solution of posterior pituitary, which was an etiological factor in 13 per cent, of 
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the series. The authors feel that the prevention and treatment of premature labor is the 
greatest single factor in prevention of cerebral injury . — Louis J. Levy, M.D., Dallas, Texas. 


Modern Treatment of Compression Fracture op the Spine. P. C. Sanyal. Jour- 
nal of the Indian Medical Association, X, 105, 1940. 

Sanyal presents an interesting discussion of the modern treatment of compression 
fractures of the vertebral bodies. He describes his technique of hyperextension with sus- 
pension, but fails to mention the Rogers apparatus so effectively used in this country.— 

Robert M. Green, M.D., Boston, Massachusetts 


Patellar Advancement Operation. A Revised Technic. Fremont A. Chandler. 

The Journal of the International College of Surgeons, III, 433, 1940. 

In spastic paralysis the abnormally “high patella”, resulting from elongation of the 
patellar tendon, has been successfully corrected by transplanting the bony insertion of 
the ligament downward. It has, however, been found that there may result an arrest 
in the groudih of the anterior portion of the upper tibia! epiphysis. Furthermore, the 
operation is considered more complicated than necessary. 

In place of this procedure, the author presents a new technique for “advancing” the 
patella. The patellar tendon is exposed and split longitudinally in its mid-line and strips 
of tendon are partially freed from the split snrfaces. The patella is then pulled down by 
a wire, running through it horizontally and anchored to the tibia below the tuberosity. 
The relaxed patellar tendon is then plicated and reinforced with the freed tendinous 
strips. — I. William Nachlas, M.D., Baltimore, Maryland. 


Tuberculosis of Bones and Joints. N. S. Narasimhan. The Medical Practitioner, 
XI, 379, 419, 1940. 

From his orthopaedic clinic at Madras the author reports in extenso on his experience 
in the treatment of bone and joint tuberculosis. He points out the difficulties in ear j 
diagnosis and emphasizes the contra-indication of massage, manipulation, and passne 
movement. In 90 per cent, of his cases he has found previous contact of the patient a it 
open cases of pulmonary tuberculosis, and urges the importance of avoiding such con 
tacts as a means of prophylaxis . — Robert M. Green, M.D., Boston, Massachusetts. 


Hber die hamatogene Osteomyelitis (Hematogenous Osteomyelitis).^ 

Bertelsmann. Monatsschriftfiir Unfallheilkunde und Versicherungsmedizin, < 

237, 1940. . . . , , 

On the basis of bacteriological investigations begun in 1902, the opinion is j 

that infection may occur during infancy. A latent infection may remain unno 
throughout the entire life of the individual or, under favorable circun^tances, 
osteomyelitis. Injury can be recognized only as a predisposing factor in os 
not as a cause, except under extraordinary conditions. Bacteriological 
the blood is very essential for early diagnosis, for early treatment, and for 
between severe and mild forms of infection. General prophylactic 

dietetic treatment, would be expected to reduce the number of osteomy^e i rnnw'' 

R. J. Dittrich, M.D., Fort Scott, hansa. 


T TTv-nFN'WIRnELS.iL'LE. 

Verlauf und Behandlung der Quebfobtsatzbruche der l . - j^ymbar 

(Course and Treatment of Fractures of the Transverse^ 

Spine.) F. A. Ostermann. Monatsschrift fur Unfallheilkunde vn 

niedizin, XLVIII, 1, Jan. 1941. . , jniun' to the 

The author relates a personal experience. In 1915 he sustame 
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lower spine, wliicli resulted in severe pain for a period of ten days. Without any exten- 
sive investigation in diagnosis and with no treatment, the incident was forgotten after 
tlie symptoms subsided. About twenty years later, following the onset of severe pain on 
exertion, a roentgenographic examination revealed fracture of the transverse processes 
of the upper three lumbar segments on the right side. Since this discovery, the author 
has treated fractures of this type principally bj-^ withholding from the patient any in- 
formation regarding the exact nature of the injuiy. Other therapeutic measures are 
immaterial. — R. J. Ditlrich, M.D., Fori Scolt, Kansas. 


Lesions about Shoulder Joint. A. Steindler. Northwest Medicine, XL, 3, Jan. 1941. 

The author discusses in detail the various signs, symptoms, and pathological findings 
in subacromial bursitis, together with other conditions simulating bursitis. Frequent 
conditions are rupture of the supraspinatus tendon, and calcified deposits in frayed ten- 
dons and pathological bursae. The long head of the biceps is frequently a sufferer from 
tears and calcium deposits, which are often seen bilaterally. 

The treatment is conservative, excepting in rare cases, as, for example, the “frozen 
shoulder” with severe adhesions and chronic thickening and “nictitating folds”, with 
marked crepitus and calcium deposits. Torn tendons also require operation if thej^ do 
not repair spontaneously. A summary of sixteen cases is given. — Charles Lyle Hawk, 
M.D., Los Angeles, California. 


Compensatory Gro-wth of Long Tubular Bones Following Fractures in Chil- 
dren /ND Its Cause. I. S. Vengerovskiy. Novy Khirurgichesky Arkhiv, XLV, 

310, 1940. 

Of 1637 fractures of long bones in children up to twelve years of age, 678 were re- 
e.xamined from several months to eight years after the fracture. The incidence of restor- 
ation of normal configuration was previously reported. In the present article a study 
of the restoration of length was made. It was found that the active compensatory 
growth of a shortened bone takes place during the whole period of growth of the child, 
but is most intense in the first two to three years after fracture. The rate of compensa- 
tory growth evidently does not depend on the amount of shortening, and at times results 
in overgrowth of the bone in length. 

A brief recapitulation of the existing explanations of growth of fractured bones in 
length is given. Multiple observations of successive roentgenograms and experimental 
histopathological inquiries by the author convinced him that a great part of growth in 
length takes place at the fracture site and is interstitial in character. He believes that, 
although the regular bone growth plays a certain role, the part played by the increase in 
interstitial bone is most important. — Emanuel B. Kaplan, M.D., New York, N. Y. 

On the Significance of Early Function in Bunnell’s Tenoplasty. G. F. Nikolaev. 

Novy Khirurgichesky Arkhiv, XLV, 327, 1940. 

The problem of immediate, early, and late motion after Bunnell’s tenoplasty is con- 
sidered. The author’s references include the findings and recommendations of American 
and other surgeons and also special studies made bj' Russian investigators. Examples 
are cited which show good function after a long period of immobilization, made necessar 3 " 
bj^ the accidental paratysis of the forearm from the use of a tourniquet. Other cases 
are reported in which motion started early after operation not infrequent^ produced 
separation of transplanted tendons. The author reportsa series of experiments on rabbits, 
wdiich included operative procedures according to Bunnell’s method; earlj' mobilization 
produced bj’ controlled electric stimulation in one group, and bj" immobilization in a 
second group; and parallel histological analj'sis of the operative sites at various time in- 
tervals in both groups. The results of the experiments proved that with early active 
motion the tendon suture maj’ be inadequate, that motion in the earh- postoperative 
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stage is a disturbing factor in tendon regeneration, and that such earlj" motion has no 
specific advantage in the prevention of adhesions. The author concludes that initial 
immobilization with subsequent guarded motion of the operated finger is the best pro- 
cedure. — Emanuel B. Kaplan, M.D., Neio York, N. Y. 


Uncertainties in the Principles of Operative Treatment of Acute Hematogenous 

Osteomyelitis. V. P. Vosnesenskiy. Novy Khirurgichesky Arkhiv, XLVI, 22, 

1940. 

On the basis of observation of 839 cases of osteomyelitis in children, the author tries 
to find guiding principles as to the best method of treatment. There were forty cases of 
the fulminating type with a mortality of 87 per cent., for the treatment of which the 
author does not find any answer. All the other types he divides into two groups : (1) those 
with a rapid formation of one or several localized sequestra and, (2) those with immediate 
diffuse osteonecrosis ivithout definite demarcation. In the first group, waiting and con- 
servative sequestrotomies are recommended, but in the second, the use of conservative 
tactics is decidedly contra-indicated. The author finds that best results in the second 
group may be obtained b 3 '' an “early secondary” subperiosteal resection of the involved 
bone. He calls it “early secondary” because it is preceded by an emergency single in- 
cision of the subperiosteal abscess. As soon after the incision as the primarj' acute stage 
is passed, and the roentgenogram shows the character of the process (a period of about 
three to four iveeks), an extensive subperiosteal resection is performed. This treatment 
'hortens the period of hospitalization and hastens regeneration of hone.— Emanuel B. 
Kaplan, M.D., New York, N. Y. 


(ialeazzi Fracture. S. A. Stepin. Novy Khirurgichesky Arkhiv, XLVI, 195, 1940. 

The fracture of Galeazzi is located in the distal part of the forearm and consists 
of a fracture of the diaphysis of the radius about eight centimeters cephaled to the uris 
joint and a dislocation of the ulnar head. Galeazzi fractures are considered rare. c 
mechanism is explained by the presence of the following factors during injury, change in 
length of the radius, interference with the parallel disposition of the bones of the forearm, 
interference ivith the synchronous motion of the radio-ulnar joints at the elbov an v ns , 
and interference with the normal leverage curves of the radius. The fracture is simi ar 
to the Monteggia fracture which is located at the pro.ximal end of the forearm an 
consists of a dislocation of the radial head and a fracture of the ulna in its upper i ^ 
Both fractures are frequently accompanied by nerve lesions, the Galeazzi type mvo i 
the ulnar neiwe at the ulnar head, the Monteggia type, the posterior interosseous 
of the radial nerve winding around the head and neck of the radius. fivntion. 

The treatment in fresh cases is closed reduction, or if unsuccessful, open 
In old unreduced dislocations of the ulnar head, various operative procedures are e^ 
among which the author cites a restoration of the triangular ligament O' ^ ® ."veV in the 
tion of the head of the radius, and two cases of Milch sling operation. °''gvery corn- 
presence of malunion of the radius or nerve involvement, the problem remains 
plicated. — Emanuel B. Kaplan, M.D., New York, N. Y. 


L’hippocratisme digital unilateral et sa valeur dans les 

SOUSCLAAYERE ET DU TRONC BRACHIO-CEPHALIQUE 


M. Mariano, R. Castex, et Egidio S. Mazzei. 
1940. 


ANS ANEVRISMES DE 


diseases 


La Pressc jllcdicalc, 

Classicallj', hippocratic fingers have been described as occurring in 
of the respiratorj^ tract, in congenital cardiac conditions, in *^**^Vatcd from the 

suppurations, etc. This tjqie of drum-stick fingers is to be i of bone 

hvmertrophic pulmonary osteo-arthropathy^ with roentgenograp nc 

ted 


changes. 


Hippocratic fingers usually^ appear sj'mmetncallj' on both 

inINT simcEK^ 
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in which unihiioral dnini-stick fingers were found. The literature of similar cases is 
reviewed. When hippocratic fingers occur unilaterally, they are a sj^mptom of aneurysm 
of the subclavian artery or of the trunk from which the subclavian arises. This sign 
is not pathognomonic of the condition, since it is found, according to Poland, in three out 
of 121 cases of aneurysm. In the typical case, no osteo-arthropathy is found. Some 
authors attribute the drum-stick formation to compression of the subclavian vein. — 

Henry Milch, M.D., New York, N. Y. 

Son LES .\UTHnOPATHlES MUTIEANTES SYMETniQOE DES EXTh6miT:6s INFfiniBURES ET 
LEuns RAPPORTS AVEC LA SYRiNGOMYELiE (Symmetrical Mutilating Ai-thropathies 
of the Lower Extremities and Their Relationship to Syringomyelia). Ludo van 
Bogaert. La Presse Mcdicalc, XLVIII, 1026, 1940. 

The author reports a case which was characterized roentgenographically by fusion 
of the tarsus, and bj' an unusual symmetrical destruction of the metatarsal heads and 
osteolysis of the metatarsophalangeal joints. Clinically there appeared to be some loss 
of temperature perception in the big toes. Despite repeated negative tests for lues, the 
condition had been considered as a sjTjhilitic arthropathy. 

This diagnosis did not seem justified, and the author undertook a study of the 
family of the affected individual. Two other brothers were found to be suffering from 
mal perforant and other “structural disharmonies”. 

The author believes this condition is identical with the familial plantar mal perforant 
described b}' Nelaton in 1852. He is of the opinion that it really represents the atypical 
lumbar syringomyelia in which the neurotrophic manifestations are predominant. — 

Henry Milch, M.D., New York, N. Y. 

Diagnostic pr^coce de la tuberculose du genou chez l’adulte jeune, ses dif- 
FicuLTfis, LES ^L^MENTS LES PLUS FiDELES DU DIAGNOSTIC (Early Diagnosis of 
Tuberculous Gonitis in the Young Adult). R. Dubau et F. Bolot. La Presse , 
Medicale, XLVIII, 1031, 1940. 

Attention is called to the fact that early diagnosis of tuberculosis of the knee is 
impossible in a large percentage of cases. The sedimentation rate, the tuberculin test, 
etc., are not pathognomonic. The regional lymph glands are positive only when the 
diagnosis is clear on the basis of clinical observation. Even the roentgenogram of the 
joint itself is not entirely dependable. 

In a strictly formal sense, positive diagnosis depends on the isolation of the tubercle 
bacillus, either from the fluid or from the s 3 movial membrane. Under suitable precau- 
tions, synovial biopsy can be carried out without serious danger. In lieu of these pos- 
itive diagnostic procedures, the authors suggest that a roentgenogram of the soft tissues 
by a soft-ray technique is far more instructive than the roentgenogram of the skeletal 
parts. Espeeially in the lateral view, the roentgenogram clearly reveals the evidence of 
a thiekening of the synovial membrane. Characteristically, the anterior and the posterior 
portions of the synovial membrane appear as separate thickened layers, and are united 
above by a downward directed concavity. Between the quadriceps tendon and the 
anterior layer of the synovial membrane, a small triangular shadow with base on the 
upper pole of the patella, is to be seen. Between the posterior layer and the shaft of the 
femur, another triangle, base up, is to be seen. 

This appearance is believed to be typical of tuberculosis and does not occur in other 
inflammatory or traumatic lesions. — Henry Milch, M.D., New York, N. Y. 


Solitary Myeloma of Bone. A Review of the Roentgenologic Features, with 
A Report of Four Additional Cases. L. W. Paul and E. A. Pohle. Radiology, 
XXXV, 651, 1940. 

This article reviews the literature of the subject and reports four new cases. The 
lesion is rare, and is believed to be a true neoplasm, related to malignant Ij’mphoma and a 
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variant only of multiple myeloma of 'the plasma-cell type. Myeloma seems to occur in 
varying degrees of malignancy, with generalization taking place early in some and 
late, or never, in others. It occurs most often in the fifth decade, involving usually the 
spine, pelvis, humerus, or femur. In its roentgenographic aspects it takes two main forms. 
One resembles a giant-cell tumor. The other is mainly osteolytic, but expansion of the bone 
may be present. The trabeculated, mufticystic form tends to be more benign. Patho- 
logical fracture is frequent. The osteolytic type commonly involves the spine and may 
cross the cartilage from one body to another. Histologically, the plasma-cell t}'pe 
predominates. 

It must be differentiated from giant-cell tumor, localized fibrocystic disease, meta- 
static malignancy, osteogenic sarcoma, and Ewing’s tumor. The diagnosis must rest 
on biopsy. 

The treatment is by surgery, or radiation, or perhaps best by their combination. 
Permanent cure is not often obtained, but palliation and prolongation of life are usually 
obtainable. — Edward N. Reed, M.D., Santa Monica, California. 


Multiplk Myeloma. Lyell C. Kinney. Radiology, XXXV, 667, 1940. 

These are malignant osteolytic tumors arising from cells in the red bone marrow. 
By the time they are large enough to give roentgenographic findings, they are generally 
multiple in the involved bones, and usually occur in several different bones. Most of 
them are of the plasma-cell type. They are probably independent lesions, and not 
metastases. They may metastasize to the liver, spleen, and lymph nodes, but have not 
been found in the lungs. There are no characteristic symptoms, but pain is usually 
present, particularly after the frequently occurring pathological fractures. 

Bence-Jones protein is present in the urine of from 50 to 65 per cent, of myeloma 
cases, but is not characteristic. The absence of Bence-Jones bodies is not significant, 
because they occur only intermittently in the early stages, and are absent in 30 to 50 per 
cent, of cases. 

The bones most frequently involved are the spine, ribs, skull, and pelvis. Charac 
teristic findings are small, multiple, clean-cut areas of bone destruction, with the appear^ 
ance of having been punched out of otherwise normal bone. The lesion is 
osteolytic and does not produce bone reaction or sclerosis. There may be extMsn e ^ 
struction of vertebral bodies presenting no roentgenographic evidence until t e ' 
is involved. The ribs present diffuse mottling and demineralization, v it i 
spontaneous fracture and at times complete destruction of a portion. ^ 

The osteoly^tic type of metastatic carcinoma closely simulates multiple mj e oma 
roentgenographic differentiation may be impossible. The reactions of os 
sclerosis frequently seen in and around metastatic lesions are never found m 
Biopsj' is indicated if there is any question of multiple myeloma, an is 
the onty means of reaching an early accurate diagnosis. . Pnlifornia. 

The author reports four cases. — Edioard N. Reed, M.D., Santa if omca. 


The Grootod Defect of the Humeral Head. A Frequentli nr 
Complication of Dislocations op the Shoulder Joint. aro 
Maurice D. Sachs. Radiology, XXXV, 690, 1940. diolocatioii, 

Studies of humeral heads which had been excised because o presence 

before the advent of more conservative treatment for this condition, greater 

of a so-called “typical defect”. This was located posterior and ine iti- 

tuberosity on the posterolateral aspect of the articular surface of the urn 
a wedge-shaped groove, averaging two and one-half centimeter^ n u.-ually 

half centimeters in width, and three-quarters of a centimeter in dep i._^ j.ggdily broucht 
demonstrable in roentgenograms made in the routine positions, u throw-s the 

outbv a projection made with the humerus rotated strongly m«ar , 

,„,vT srnoKn' 

the journal of bone ax 
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postcrolatenil Ijorcler of tlie head into profile; and- by a tangential view, obtained bj' 
placing the film on the toj) of the shoulder, with the tube lateral to and below the elbow, 
which brings out the width of the groove. These views show a flattening of the articular 
surface, or, in larger defects, an indentation or groove on a level with the greater tuberos- 
ity; and a sharp, dense line running downward from the top of the head parallel to the 
axis of the shaft. This “line of condensation” is the result of compression of the spongy 
bone previously occupying the space of the defect. Cystic changes, with borders of in- 
creased density, are often present in the posterolateral portion of the head, just beneath 
the articular surface. 

The defect is undoubtedly the result of a compression fracture, the anterior rim of the 
glenoid being forced into the weak posterolateral portion of the head as it impinges in the 
position of anterior dislocation. 

It is believed to occur in more than two-thirds of anterior dislocations of the shoulder. 
It is so frequentlj’ found in habitual dislocation that it is described as the “typical 
defect”; it may be an etiological factor in recurrence, and ma 3 ' lead to unsatisfactory re- 
sults in operations for relief. 

Eight cases are reported and illustrated . — Edward N. Reed, M.D., Santa Monica, 
California. 


Agenesia sacho-coccigea (anchipodia) [Sacrococcj'geal Agenesis]. Bruno Valentin. 

Rcvista Brasileira de Orlhopedia e Traumatologia, I, 415, 1940. 

In this article Dr. Valentin reports two cases of this condition, in one of which the 
sacrum was entirely absent; in the other a rudimentarj' sacrum was present. A histori- 
cal summary of this unusual congenital abnormality shows that in its complete form it 
is seldom compatible with life. Cases of “pelvis dyspygica” described by obstetri- 
cians during the middle of the past century are of clinical interest because of difficulty in 
parturition. The subject remained little understood until 1924 when French research 
workers established the theory of a syndrome due to the numerical reduction of the sacro- 
coccj'geal vertebrae. Since then the number of reported cases has increased rapidly. 
Feller and Sternberg were able to show from the embryological and pathological angles 
that this congenital defect belongs to the same class as the so-called sirenoids which are 
classified as median malformations of the posterior part of the body. To this group 
belong atresia ani and the formation of cloacae. These authors have helped to unify this 
entire group of congenital defects from the mildest, showing only a partial lack of the 
coccyx, to the most extreme type of monster . — Leo Mayer, M.D., New York, N. Y. 


A PAKATHimBdlDECTOMIA NA MOLESTIA DE EnGEL-ReCKLINGHAUSEN. APRESENTAgAO 
DE TUBS OBSEKVAgoES. (Three Cases of Recklinghausen’s Disease, Treated by 
ParathyroidectomJ^) S. Hermeto Junior. Revista Brasileira de Orlhopedia e Trau- 
matologia, II, 69, 1940. 

The author emphasizes the interesting opinions of Erdheim, Maresch, Mandl, and 
Lievre. He explains the characteristics of Engel-Recklinghausen’s disease as a syndrome 
of hyperparathyroidism, and describes his three cases. The first patient presented a 
generalized form of the parathyroid osteosis, and the value for blood-calcium was found 
to be twenty-two milligrams per 100 cubic centimeters of serum; the second patient 
was a woman with a unilateral form invol-ving specially the left limb; and the third was 
a jmung man who had two pathological fractures. Unilateral parathj’roidectomj’ was 
performed on all patients. In no patient has an 3 '- adenoma been found, though a 
bilateral exploration was alwa 3 'S made in an attempt to find it. Reoperation was per- 
formed on the first patient eight months after the first intervention, and a noticeable 
improvement has taken place. 

Healing of the pathological fractures was observed in the third case and the young 
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man returned to work. Reoperation was performed in the second patient, but without 
improvement. — Prof. F. E. Godoy-Morcira, Sao Paulo, Brazil. 


The Clinical Aspect of Gout. Terray. Rheumatism, II, 31, 1940. 

An acute attack of gout usually appears about midnight or in the early morning. 
It is due to a precipitation into the affected joint of uric-acid crystals. Too little atten- 
tion has been given to the sources of uric acid, and to the causes which produce precipi- 
tation at certain times. 

Normally uric acid is broken down by catabolism into either carbon dioxide or oxalic 
acid. In gout the uilc acid is deposited, ivithout decomposition, in the tissues. By 
experimental work it has been shown that uricaemia is due to a disturbance of the renal- 
hepatic function. If a normal dog is injected with uric acid and urates, one sees these 
substances disappear in the tissues and appear in large quantities in the urine. If, by 
an Eck’s fistula, the liver is thrown entirely out of the circulation, no such decomposition 
occurs. The true role of the kidney is that of elimination of the urea and urates received 
from the blood, whereas the hepatic function aids in the decomposition of the uric acid. 

Rational therapy, therefore, must be based upon a stimulation of the renal-hepatic 
function, since through it is obtained the fundamental lysis of the uric acid. Harold M. 
Childress, M.D., Charleston, Soidh Carolina. 


The Prescription of Massage and What This Implies.. James Mennell. R leiima 

iism, II, 52, 1940. ■ • -ho 

Massage and other forms of physical therapy are often prescribed by physicians u 

are totally ignorant of the exact benefits to be expected from this form of 

registered masseur is at a disadvantage as he must follow instructions. The idea me o 

for the physician and the masseur to collaborate on the patient’s condition an e 
obtain not only more accurate diagnoses, but also markedly improved en lesu 
“ Omnibus” diagnoses, such as tennis-elbow, lumbago, sciatica, or neuritis, are u 
useless. In such cases it is for the masseur to determine exactly the 
limitations of motion, etc., and to convey his findings to the physician. y 
an exact diagnosis may be made. For instance, fibrotic deposits aie ei i e ® ^ 

low-back pain. Their precise locations should be determined before t ® causative 
of novocain injections and deep massage are instituted. In brachia gia e ^ 

factor may be a malalignment of joint structures in shoulder, elbow, vris , 

This factor must be definitely localized and then, as a rule, treated treat- 

The author discusses at length massage, joint manipulations, an e 
ments. Each has its place in the treatment of affected muscles and a le s Qjnldrcss, 
none should be used except by one well trained in physical medicine. aro 
M.D., Charleston, Soiith Carolina. 


Muscle Pathology in Anterior Poliomyelitis. ^ Its 

Herbert E. Hipps. Southern Medical Journal, XXXIV, ® j intensive 

Through a grant from the National Foundation for Infanti e ara j made- 

study of the gross and microscopic pathology of poliomyelitic expose the entire 

During operations for paralytic conditions, incisions were en arge tested by o'®' 

muscle. Photographs, sketches, and notes were made. The g pf tension were 

chanical stimulation for its ability to contract, and its elasticity ari e muscles- 

noted. Microscopic sections were taken from various parts o cimeested. 

This article is well illustrated and several new operative proce uies .r u.p 


noted. Microscopic sections were taken from various parts o 

This article is well illustrated and several new operative proce uies strength of the 

per cent, of the patients operated upon showed an appi ecia e gam 

muscles. rr^nnenn M.D., Atlanta, Georgia- 

This paper gives much food for thought. Fred G. 9 > 
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The Imi’outance ok Piumaiiy Care in the Treatment of Compound Fractures. 

II. Winnetil Orr. Southern Medical Journal, XXXIV, 315, Mar. 1941. 

Every fracture should be reduced immediately. Then it should be properly im- 
mobilized. To prevent gas gangrene it is necessary to have an open wound, with good 
drainage and access of air to all parts of the wound. Many modifications of the Orr 
method have been proposed and tried out. None have given any better results than the 
original method. Chemotherapj' has not been proved to be of any additional value, al- 
though the sulfur drugs have been used quite extensively in connection with the Orr 
treatment. — Fred G. Hodgson, M.D., Atlanta, Georgia. 


Car Window Elbows. Howard B. Shorbe. Southern Medical Journal, XXXIV, 372, 

Apr. 1941. 

Thirty-two cases of this Injurj' are reviewed, twenty-four of which were compound 
fractures. Nerve involvement was common. The types of treatment used were; closed 
manipulation, skeletal traction, open reduction, excision, and later bone grafts. Osteo- 
mj'elitis developed in eleven patients; gas gangrene developed in two, one of whom died; 
and three patients had amputations. 

Final results were excellent in four cases (of which two had no fracture) ; good with 
useful range of motion and useful hand in five; fair with limited motion in elbow and 
weakness in nine; and poor with stiff elbows, nerve involvement, and slightly useful hand 
in four. Eight patients had an entirely useless extremity. Those receiving efficient 
early treatment gave the best results. After debridement, sulfanilamide was put in the 
wound, and the wound closed as much as possible. Reduction of fracture and skeletal 
traction usually proved the best method. Extensive’eomminution of lower end of humerus 
required removal of fragments and reshaping end of bone in some instances; in others the 
joint was excised. The best treatment is prophylactic . — Fred G. Hodgson, M.D., Atlanta, 
Georgia. 


Results of Abdominal Stabilizations. George O. Eaton. Southern Medical Journal, 

XXXIV, 443, Apr. 1941. 

This article reports results obtained by the Lowman abdominal stabilization opera- 
tions for infantile paralysis, Twenty-four of these operations were done at the Children’s 
Hospital School in Baltimore. Twenty-five per cent, showed an increase in muscle 
power; 15 per cent, showed no change; and 60 per cent, showed a decrease in muscle 
power under the fascia. The fascial reinforcement bands which have been transplanted 
for an average of five years were considered too taut in four cases and too weak in two 
cases. Their effect on scoliosis and kyphosis is discussed. Marked improvement in gait 
was noted in 50 per cent, of cases; the remaining 50 per cent, showed no change. Fifty 
per cent, also showed increased stability when sitting. Seventy-two per cent, believed 
they had been benefited by the operations. No patient felt that he was worse . — Fred G. 
Hodgson, M.D., Atlanta, Georgia. 


Ethyl Chloride Spray for Sprained Ankles. Lewis Cozen and Benjamin S. Hoi- 

lombe. Surgery, VIII, 468, 1940. 

The authors describe a technique in which ethyl chloride spray is applied, usually in 
the area of the sinus tarsi because this is usuallj’’ the most definite tender area, until the 
skin of the area is white. The patient is allowed to walk without support at once. If 
pain persists, strapping is indicated. The authors believe the mechanism of the relief ob- 
tained is on a basis of the “break up” in the vasomotor paralysis, which the authors be- 
lieve causes the greatest portion of the pain and swelling. — F. E. Thornton, ^f.D., Iowa 
City, loiea. 
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Pathologic Study of Hypertrophic Arthritis of the Hip. Malcolm H. Sawyer 

and Ralph K. Ghormley. Surgery, IX, 381, March 1941. 

Nineteen specimens of hypertrophic arthritis of the hip ivere studied and the 
pathological changes described. 

The authors concluded that the initial degenerative changes appear in the cartilage 
and are characterized by fibrillation, pitting, degeneration of the cartilage cells, and in- 
creased calcification of the deeper matrix. The marginal cartilage proliferates and shows 
few of the signs characteristic of degeneration. As the cartilage disintegrates and is ivorn 
away, the bone is exposed and becomes eburnated with thickening of the subchondral 
plate and the subjacent trabeculae by means of intramembranous ossification. The sub- 
chondral plate may or may not be thickened. The trabeculae are almost never increased 
in size in those areas that are still protected by cartilage, and most formation of new bone 
in these areas is of the endochondral type. The normal marrow is replaced by fat or 
loose fibrous tissue which, in some instances, dedifferentiates into osteoid tissue. The 
sjmovial membrane is invaded by fibrous tissue with markedly increased vascularity. 
Little evidence was found to support the h3Tiothesis that arteriosclerosis is an etiological 
factor of osteo-arthritis. Finallj^ no collections of Ij'mphocytes were found, which are 
characteristic of the infectious tj'pcs of arthritis . — Edward L. Compere, M.D., Chicago, 
Illinois. 


The Treatment of Tumors of the Shoulder Region by Intekscapulothoracic 
Amputation. J. E. Strode and E. A. Fennel. S^lroenJ, IX, 394, March, 1941. 
The authors conclude that the indication for intcrscapulothoracic amputation is 
most often “a relatively benign radio-resistant tumor that cannot be widely enough ex 
cised locally, due to nearness to structures important to the arm, to prevent local recur 
rences ; in other words, tumors that are locally malignant due to their anatomical loca lon 
and not from their morphologic composition”. ’ . , 

Two cases are reported in detail: one of a carcinoma which recurred first, a er oo 
excision, and again, after removal of the tumor mass and the scapula. Radium a as us 
repeatedly, but unsuccessfully. Three j’-ears after the initial diagnosis, the arm, me u 
the clavicle, was removed. Fifteen years after this last operation, the patien a as a 

and there were no recurrences. which 

The second case was that of a male, aged sixty-ta'o years, with a fibiosaicom 
arose midway between the clavicle and the spine of the scapula. Local Jp 

use of radium were in each instance followed bj' recurrences. Interecapu o 
putation was performed March 7, 1939, and after two years there are no nm a 
local recurrences of this tumor . — Edward L. Compere, M.D., Chicago, mots. 


The Pathological Physiology of Joints. H. Kelikian. Surgery, Cyn 

Obstetrics. LXXI, 416, 1940. r iLp oriein and classi- 

The article includes a short historical note and a description o nerve and 

fication of joints. The components of the joints, which with the headings, 

nucleus pulposus arise from mesoderm, are discussed under their respe mainte- 

The histologj^ and nutrition of hjmline cartilage, which jjo nerves, hm- 

nance of the joint space and the gliding movements, are describe . secondarily by 

phatics, or blood vessels, and plaj's a passive role in disease. It is a ^c jjyniine car- 
disease of its surrounding tissues, but primarily only by trauma. of degcn- 

tilage needs healthy cartilage on the apposed surface. Changes c immobilize' 

erative arthritis are caused by continued use of a damage join , 

„ -nf^rior and a thin coating 

The articular ends of bones are composed of a cancel ous * former. 

of compact bone, with vascular connective tissue piesent on j 
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iiemi^is i*. rniM-d by ^llulliltp otT 1 1 . Iilmid supply, In cmhI i(i\ e proteoij'tic ferments, and 
by activated o'-teorla'-t--, and iien ( •lU'-e articular bie ikil'iuii. The virulence of the in- 
vadinp orpini'-m, exudate, ami rn< t lianieal eoiitaet ami j>i assure within the joint modify 
the development of bony ank\l'i-is I'unetional ad'i|il.ition is often seen in articular 
ends. 

The joint eainule, eonsi'-im^ of an outer fibrous a lai an inner sj'novial layer, binds the 
bones topether. The histolopv and function of the novial membrane are excellently 
described. The inlern.al s||;i(um is like the articular cartilage structural!}’, functionally, 
and pathologically, while the external layer is analogous to the cancellous spaces of the 
bone ends. New growths ma}' form in the synovial membrane. 

The synovial fluid may be an exudate or transudate. It is alkaline in reaction and 
contains mnein, albumin, fat, and inorganic .salts. It lubricates, protects against acid 
metabolites, and nourishes t he articular cartilage. In disease it changes in composition, 
rc.action, and amount. 

The acce.s.sory structures— namely the fibrocartilages, ligaments, muscles, tendons, 
and hursac— are described anatomically, and their injuries and diseases are discussed. 

The circulatory relations arc dc.scribcd and .show the very close relationship between 
blond plasma and synovial fluid. 

The .summary and correlation of the writer are excellent as are the numerous illustra- 
tions of the patholog}’ described in the text. The content is so comprehensive that no re- 
view can do it justice.— /fiV/mrd McGorncy, M.D., Santa Barbara, California. 


The Supeuiouitv oi- Neoahsphenaminb and Sulfathiazol in the Therapy of 
Staphvi-ococcu.s Aureus Infections in Marrow Cultures. Edwin E. Osgood, 
Julia Joski, and Inez E. Brownlee. Surgery, Gynecology and Obstetrics, LXXI, 445, 
1940. 

The authors made an extensive study of the effect of sulfanilamide, sulfapyridine, 
sulfathiazol, sulfamcthylthiazol, and neoarsphenamine on staphylococcus infection in 
marrow cultures. In marrow cultures neoarsphenamine in concentrations of 1:150,000 
to 1:200,000 was most effective. Concentrations of 1:10,000 sulfathiazol and sulfa- 
methylthiazol were of value, but seldom produced complete sterility. Sulfapyridine was 
only slightly effective, and sulfanilamide was practically ineffective. Concentrations of 
neoarsphenamine above 1:150,000 were toxic to marrow cells, and concentrations above 

1:70,000 killed all cells. , . . 

The authors’ studies suggest that administration ot neoarsphenamine in intermittent 
courses of repeated small doses, together with sulfathiazol in doses sufficient to give a 
blood concentration of 1:10,000, is worthy of controlled clinical investigation in serious 
staphylococcus aureus infections. — F. E. Thornton, M.D., Iowa City, Iowa. 


Hammer-Toe : A New Procedure for Its Correction. Seth Selig. Surgery, Gynecol- 
ogy and Obstetrics, LXXII, 101, Jan. 1941. 

The writer describes a method for cure of hammer-toe by use of a Kirschner wire 
placed longitudinally through the three phalanges. Previous methods are enumerated, 
but not recommended for reasons given, chiefly that of postoperative immobilization. 

Through a medial longitudinal or transverse incision, the proximal interphalangeal 
joint is ex-posed, cartilage removed, wedge taken if necessary for alignment and a 35/1000 
Kirschner wire passed with a hand chuck longitudinally through the phalanges from the 
tip into the wound. The toe is then lined up axially and the wire driven to the ba.se of 
the first phalanx. The joint surfaces must be flush. Special pliers are of assistance. 
The distal end of the wire is bent to a right angle to prevent wandering. Wire position 
should be checked by roentgenography. The patient is discharged the same day, resum- 
ing activity in cut-out shoes. 
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The operation has been done on twenty toes with bony union in all properly carried 
out. The article is well illustrated by line drawings and roentgenograms . — Richard 
McGovney, M.D., Santa Barbara, California. 


Las Fracturas Diafisarias del Femur bn el Nino (Fractures of the Diaphysis 
OF the Femur in Children). P. S. Toledo and S. Sanchen. Vida Nneva, XLVI, 
1, 1940. 

A monograph presenting an analj'sis of 105 cases of fractures in children, illustrated 
by many photographs and roentgenograms. The conclusion of the study can be briefly 
summarized as follows : Treatment of these fractures should be considered emergencies. 
The best method of treatment is overhead traction in children under seven years of age, 
adhesive plaster traction for children above this age unless it is inadequate. If it is in- 
adequate, skeletal traction is necessary. It is noted that skeletal traction at times pro- 
duces lengthening of the extremity. Maintenance of the normal axis in fractures is more 
important than approximation of fragments. Poor anatomical or roentgenographic 
appearance is very often accompanied by excellent functional results. Open reduction is 
rarely indicated in recent fractures. The prognosis is good, if the traction method is 
used in the presence of proper indication and carried out meticulously under constant 
observation . — Emanuel B. Kaplan, New York, N. F. 


Bedrohliches Azetonerbrechen nach orthopadischen Lingriffen (Injurious 
Acetone Vomiting After Orthopaedic Operations). Karl Sell. Zeitschrift fiir 
Orthopaedie und Hire Grcmgebiele, LXX, 21, 1939. 

The author discusses the very sudden appearance and the stormy^ course of this com 
plication, its etiology, and treatment. The author emphasizes it particularly m sj m 
patheticotonic individuals, and warns of the dangers, especially in such cases as t e s e v 
ing operation of the hip in which the psychic element is greatly accentuated. e urm 
should be examined for acetone before the operation. The patient should no 
day before the operation, but should be given sugar, fruit juices, and dextrose m 
amounts, and ample amounts of vitamins C and B-1. Inhalation anaesthesia is 
given in conjunction with rectal anaesthesia of avertin. With all this precau 
author has not had any cases of acidosis with severe symptoms for a long ime. 
Steindler, M.D., Iowa City, Iowa. 


Die Diatbehandlung deb rheum atischbn Erkrankungen 

Rheumatism). W. Heupke. Zeitschriflfur Rheumaforschung, II ’ ’ Rossle 

Rheumatic diseases are frequently looked upon as allergic mani es a i® ^ ^Ijetary 

and Klinge believe that rheumatic nodules are always allergic. I t is is jje 

regulation should be helpful. Our therapeutic approach in rheumatic abilit.V 

direct. We must attempt to elevate the resistance of the body an helpiub 

to overcome the disease. For this, physical therapy with massage an ^ jnflu- 

working through the superficial tissues. But the entire body |,jjnes an clc- 

enced. As evidence of metabolic errors in rheumatic diseases, v e England* 

vated uric acid, a disturbed calcium exchange, and a faulty water ^ f" continued, 
and America the Pemberton diet has been helpful. With the o This diet 

and given in conjunction with physiotherapy, many chronic patien s calciunt 

(percentages and calories not given) is poor in sodium chloride, iic^ ^alories, but rich in 
and magnesium. The protein content is decreased; and it is much, better 

vitamins. Where the appetite is poor and the patient does no v jjy gi^ang 
progress will be observed by giving a salt-free diet or a vegetarian re ],g 

the patient what he wants. No special diet will fit every pa ;[[assack>isetls- 

modified for individual requirements. — John G. Kuhns, i ■ •> ’ 
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ASEPTIC NECROSIS OF THE FEMORAL HEAD 
FOLLOWING TRAUMATIC DISLOCATION OF THE HIP 

A REPORT OF NINE CASES * 

BY SAM W. BANKS, M.D., CHICAGO, ILLINOIS 
From the Division of Orlliopaedic Surgery, Department of Surgery, University of Chicago 

The recovery of a normal range of motion and freedom from pain, 
after the reduction of a traumatic dislocation of the hip and a short period 
of cast or traction immobilization, is generally interpreted as evidence of a 
complete recovery. In such instances, the patient is then permitted to 
bear full weight on the limb and to return to his occupation with the under- 
standing that he is cured. This encouraging prognosis is not a safe one, 
for many of these individuals experience a recurrence of pain and progres- 
sive disability of the hip after months or, exceptionally, years of normal, 
activity and unchanged roentgenograms. This reappearance of symp- 
toms after an early period of apparent recovery is now known to be 
due to aseptic necrosis of the head of the femur, which had resulted 
from a disruption of a major portion of its blood supply at the time of 
the dislocation. 

Forty-two cases of aseptic necrosis of the femoral head after trau- 
matic dislocations of the hip are recorded as such in the literature. Thirty- 
five were in adults (Table I) and seven in children. The author wishes 
to add nine additional cases, and in particular to emphasize the impor- 
tance of early diagnosis in order that the devitalized head may be ade- 
quately protected from weight-bearing during its revascularization and 
replacement by new bone. 

The incidence of this complication in dislocation of the hip cannot 
be definitely stated, for statistics of end results are still not available on 
large series of cases. The only such report is that of Pfab wlio found two 

* This paper is based on the material, first presented before the Ciiicago Surgical 
Society in April 1940, and forming a scientific exhibit at the Annual Meeting of Tlie 
American Academj' of Orthopaedic Surgeons held in New Orleans, Januarj' 1941. 
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instances of avascular necrosis in a follow-up study of twenty-four cases, 
or 8.3 per cent. 


ETIOLOGY 

The blood supply of the head of the femur in the adult is derived 
from the nutrient branches of the anterior and posterior circumflex femoral 
arteries which enter the epiphysis after passing through the capsule on the 
neck, and from the arteries of the round ligament. The vessels coming 
by way of the capsule are generally regarded as the more important, 
although Chandler and Kreuscher, Wolcott, Nordenson, and others have 
shown by anatomical studies that the arteries of the round ligament, 
passing into the head, are present in the majority of hips of all ages. 
There is some lack of evidence as to exactly which of the above vessels are 
injured when the head becomes necrotic. The round ligament is always 
torn when the femur is forcibly displaced out of the acetabulum, and 
probably in fractures of the floor Avith central displacement of the head. 
This may or may not give rise to necrosis, depending on the extent of the 
vessels from the round ligament to the head, and their collateral circula- 
tion AAuth the arteries entering by way of the neck. It is also possible 
that the tear of the capsule may injure the vessels of the neck to a greater 
or lesser degree. In fa^mr of the theory that the tear of the round liga- 
ment Amssels causes the necrosis, is the knoAvn fact that the head may 
survive in case of complete fracture of the neck of the femur, proving that 
in such instances there is important blood supply by way of the ligamen- 
tum teres. On the other hand, when recognizable necrosis develops after 
dislocation, it is usually the entire head and some of the adjacent nec ' 
which is affected, and this favors the A'iew that Amssels of the neck maj 
also have been injured. Further obserAmtions and especially pathologica 
studies AAull be necessary in order to clarify this point. 


PATHOLOGY 

The histological alterations in the head, Avhen it undergoes aA 
necrosis and replacement following dislocation of the hip, appear o 
similar to those seen, and confirmed by pathological 
necrotic heads after fractures of the neck of the femur folloAA e y 
union. Axhausen, Phemister-^, and others have described in e ai 
pathological changes in such fractures Avhich may be sumnianz 

folloAA's: lecomes 

The entire head, including cortex, trabeculae, and rnarroAA, 

necrotic, AA'ith the exception of the articular cartilage i^^H^through 

in some cases. As the blood supply becomes re-esta 3 is re 
union, the cancellous spaces of the head are progressiAm y in^ a ^ 
the neck, and to some extent from the round ligament, ry a 
larized connective tissue. This invasion is folloAved by a . 

dead bone and marroAv, Avith simultaneous replacemen Y 
and marroAA" through the process of creeping substitution. 
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of transformed bone, the trabeculae are irregularly arranged and less 
dense than is the adjacent unreplaced dead bone, thus making it possible 
to distinguish such regions in the roentgenograms. All osseous elements 
in circumscribed areas may be completely replaced by fibrous tissue, 
producing cystlike zones of reduced density in the roentgenogram. 

When the zone of transformation approaches the peripheral portions 
of the epiphysis, the bony articular cortex also becomes absorbed along 
with the subcortical bone, but subsequently may be irregularly replaced. 
Articular cartilage obtains a portion of its nutrition from the synovial 
fluid, and its chances of survival are enhanced if there is rapid revasculari- 
zation of the underlying dead bone. If cartilage necrosis occurs, there is 
overgrowth by fibrous tissue or fibrocartilage. 

An osteo-arthritis is frequently superimposed upon the necrotic head, 
and this condition is charactei'ized pathologically by a villous synovitis, 
acetabular sclerosis, marginal osteophytes, and occasionally the formation 
of loose bodies in the joint. 

Necrosis following dislocation has been diagnosed mainly on the 
clinical course and roentgenographic appearance of the hip. It must be 
emphasized that while death of the femoral head occurs shortly after the 
dislocation, it cannot usually be detected by roentgenograms at the end of 
six weeks when the patient is ready to resume walking. This is because 
the early roentgenographic diagnosis of a dead femoral head is dependent 
upon marked disuse atrophy of the adjacent living bone of the shaft and 
pelvis. Since the necrotic head without blood supply cannot participate 
in this decalcification, it will retain its original density and cast a shadon 
of greater intensity in the roentgenograms than vdll the surrounding 
living bone. Ordinarily, three to four months are required for sufficient 
atrophy to occur before this contrast between the living and dead bone is 
distinguishable in roentgenograms. As walking is usually resumed mt nn 
six weeks of traumatic dislocation, there is insufficient time for 
differences to develop between the dead head and the living shaft, an 
complication temporarily goes unrecognized. The patient resumes 
activity and continues to bear weight on the devitalized head unti a 
changes, due to collapse or degenerative arthritis, cause the return o 
pain. This is usually the first clinical indication that epiphysea 
has followed the dislocation. Roentgenograms will now 
dence of necrosis, in the form of progressive replacement of avascu ai^^ 
bone by less dense, irregular, living bone, alterations in the s 
head following collapse or fragmentation, or signs of a deforming ar 

The following case reports will illustrate many of these 
The first patient demonstrates the typical clinical course an loe 
graphic findings when the necrotic head is detected before it a^^^ 
gone collapse or fragmentation, and when it is adequately pro ec 
weight-bearing during its transformation. ^ 

Case 1. W. H., male, aged twenty-four, sustained a posterior „or- 

hip in an automobile accident (Fig. 1-A). Immediate reduction w as s 
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Fig. I-C 

Roentgenogram after twenty-seven months revealed partial replacement 
across base, and inferior, medial, and lateral portions of the head. The 
Wedge-shaped, proximal necrotic zone (a) remained unvascularized. 

mal function was recovered after three weeks of plaster immobilization. Then, after nine 
months of unlimited use of the hip, pain returned, first after active exercise and subse- 
quently after prolonged standing, as was necessaiy in his work as a press feeder. A 
roentgenogram of the pelvis at that time showed a small triangular shadow of bone in the 
soft tissues proximal to the greater trochanter, and minimal flattening of the head in its 
weight-bearing region. The pain graduallj'^ became w'orse and was moderately severe 
when the patient was first examined in the Clinic thirteen months after thedislocation, an 
four months after the reappearance of symptoms. The gait was normal, but motion was 
limited in all directions by muscle spasm, and pain could be elicited on extreme nCMon. 

Roentpnograms (Fig. 1-B) showed slight but definite flattening of the head of the 
left femur in its proximal portion and slight diminution in the articular cat tilage space. 
Its density corresponded to that of the surrounding bone, which did not show atroptiy 
of disuse, and the entire shadow of the bony articular cortex was unchanged. 

In view of the previous dislocation and the presence of flattening at the ° 
epiphysis, a diagnosis of aseptic necrosis of the head of the femur was made. » e g 
bearing on this extremity was avoided for the following thirty-one months by men 
crutches, in an endeavor to prevent further collapse of the fragile dead head win e 
being transformed. j 

Roentgenograms (Fig. 1-C), taken twenty-seven months after the 
show’ed replacement across the base and inferior mesial portion of the hea , as i^^^^ 
by its diminished and irregular density, which corresponded more or less 
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Fig. 2-C 


RoentRenogram after eighteen months revealed advanced replacement 
of the inferior medial portion of the head while the proximal two thirds was 
necrotic and uninvaded. 

atrophic living bone of the left femoral shaft and ilium. The proximal half of the epiphy- 
sis was dead, as its density remained unchanged and was similar to that of the non- 
atrophic right hip. 

Roentgenograms (Fig. 1-D), taken thirty-three months after the injury, revealed 
absorption of the articular cortex over the mesial and lateral portions of the epiphj'sis, 
indicating that the centrifugally directed process of revascularization had reached the 
periphery of the head in those i-egions. The articular cortex remaining over the triangu- 
lar shadow of devitalized bone in the weight-bearing region, on the other hand, was un- 
changed in density and outline. 

Roentgenograms (Fig. 1-E), forty-three montlis following the dislocation and 
thirty-four months after the return of pain, showed final replacement of the head with the 
probable exception of a small linear area across the superior surface. The cartilage space 
was well maintained and roentgenographic evidence of a degenerative arthritis was lim- 
ited to marginal lipping. 

The patient is now bearing partial weight on the extremity without pain, while hip 
motion is restricted except for flexion and extension. 

It is to be noted that adequate protection of tlie epiphysis from 
weight-bearing by means of crutches during its reorganization eliminated 
pain and prevented further comisression or fragmentation of tire head. 
The present anatomical and functional result is good. 


VOL. XXIII. XO. 4, OCTOBER 1041 



764 


S. W. BANKS 



Fig. 2-D 


Roentgenogi'am six and one-half j^ears after dislocation showed 
collapse of the head in its weight-bearing portion, and extensive de h 
arthritis- 


When the patient is not forewarned of the possibility of late . 
the hip, and continues to bear Aveight on the extremity for pro 
periods after the return of symptoms, the head may undergo 
collapse with depression of the articular surface, particularly at t 
of maximum pressure. These changes are at times irreparable an r 
from compression of dead trabeculae, or fractures through necro ico^ 
fragile new bone. Fractures are prone to occur through devita me 
just proximal to the zone of transformation after a major por ron 
head has been replaced and rvalking continues. becomes 

If such a fracture occurs, and the proximal dead and 

reattached to the head, it may readily be invaded by connectn e 
replaced by new bone in a relatively short time. On t e o 
when a non-union develops between the fractured fiagmen -p^ysis 
of the head, the former persists as a sequestrum at the top o 
for a prolonged period. In rare instances, fibrous tissue 
contacting surfaces of sequestrum and head, resulting m ^ P by 

as was described by Kraft in a case of Legg-Perties 

JOINT SORGKR' 
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Phcinislcr in a dead head after a fracture of the neck of the femur. 
Naturall.y, tliis prevents invasion of tlie dead fragment, and years may be 
required for final restoration of tlie head, as is illustrated by Case 4 . 

The next four cases demonstrate the prolonged disability and poor 
functional re.sul(s which follow traumatic dislocations of the hip, when the 
necrotic head becomes greatlj’' altered in shape, or a sequestrum forms in 
its weight-bearing region. 

Case 2. T., male, aged thirty-seven, received a dasliboard dislocation of the left 

hip with an associated fractui'e of the anterior medial margin of the acetabulum (Fig. 
2-A). Closed reduction was performed and the extremity maintained in extension for 
eight weeks. A roentgenogram (Fig. 2-B) taken four weeks after the injury showed 
moderate persisting upward displacement of the femur, due to inadequate reduction. 
The head appeared smooth in outline and of normal density. Crutches were used for 
two months following the period of recunibenc 3 ' and then a cane. Mild pain and stiff- 
ness persisted in the hip. This was increasing when the patient entered the Clinic eight- 
een months after the acute injuiy. Examination revealed marked atrophy and weak- 
ness of the thigli muscles, and his weight could not be maintained on the involved 
extremitj’. 

The roentgenogram (Fig. 2-C) showed the upward displacement of the left femur 
with loss of cortical shadow over the acetabulum. The head appeared smaller than that 
of the normal right femur, and its medial third was irregular in outline. The proximal 
two thirds of the head was necrotic, as indicated bj' the persistence of its normal density, 
the trabecular pattern, and the shadow of the articular cortex. The medial portion and a 
small area on the lateral side had been partiallj’’ replaced, as suggested by its spotty re- 
duced density and the absorption of the overljdng articular cortex. The linear density 
proximal to the head and neck represented extensive ossification in the capsule. 

The presence of aseptic necrosis of the head of the femur was evident. A surgical 
arthrodesis was advised in view of the patient’s disability and the altei'ations in the hip 
joint. He refused operation and was not seen again for five j'ears. 

During this interval he maintained less than half-time employment because of pain 
in the hip. Physical examination now showed further flexion and adduction deformity, 
and motion was restricted and painful. 

Roentgenograms of the hip (Fig. 2-D) taken six and one-half years after the disloca- 
tion revealed a flattened and irregular head of the left femur with loss of substance in its 
weight-bearing region. Transformation of the head was completed, for it was of an 
irregularty reduced density corresponding to the persisting regional atrophj'' of the femur 
and ilium, and the shadow of articular cortex was entirely absent. An extensive prolifer- 
ation of new bone along the posterior acetabular margin and throughout the capsule gave 
the head a mottled appearance on the single roentgenogram. 

Operation was again refused bj^ the patient, although the hip was exceedinglj’^ painful 
and functionallv poor. 

Case 3. H. H., male, aged forty-three, suffered a comminuted fracture of the left 
ischium with posterior dislocation of the femur, when a mass of iron ore fell on his hip. 
Reduction was performed under a general anaesthetic and the hip immobilized for si.v 
weeks in a plaster dressing. Full functional use of the extremity soon followed and con- 
tinued without pain for fifteen month.s. A roentgenogram (Fig. 3-A), taken five months 
after the accident, showed satisfactoiy healing of the fracture and no abnormalities in the 
head of the femur. 

Phj’sical examination two months after the reappearance of sjmiptoms, during 
n hicli time weight-bearing had continued, .showed considerable muscle spasm about the 
hip, and limitation of motion in all directions. A roentgenogram disclosed a diminution 
in the cartilage space and marked flattening and irregularity m tlie outline of tlie head. 
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^ I',! 

Roentgenogram five j'ears after return of pain and seven years after c i? oca 
tion showed old sequestrum (a) winch had been invaded and h-.,, 

was still separated from the remainder of the head by a zone of b’ans o t • 
(6). Note the hj'pertrophy of the replaced bone (c) across top of ^ 
m response to the sequestrum, and over the mesial third, due to weign - 


The upper half was dead, as shown by its spotty increased density, when compni e . 
of the lower half. The latter was undergoing transformation and its diminis le 
corresponded to the adjacent osteoporotic living bone. There was of 

tabular margin, while bone formation in the capsule and along the supciioi 
the neck was prominent. . .i Tlio 

The hip was protected by a non-weight-bearing caliper brace foi eig i nro 
pain subsided and the range of motion gradually increased. 

Transformation of the necrotic head was followed in roentgenogiams. ^ 

twenty-two months after the dislocation (Fig. 3-B), showed at the top o i . ^ C 


irregular disc of dead bone which had become separated from the mam 


osseous portion 


of 

the epiphysis by a band of decreased density corresponding to the zone jn(]j. 

There had been further transformation of the inferior mesial poi tion 0 le , „f 


sliadoiv of 


cated b 3 ' its more uniform diminished density' and the bss of the 
articular cortex. Its upper dense margin represented hypei tiop n {ion from 

bone, probablj" secondarj’- to the presence of the sequestrum. Ihe 
the lateral portion of the head was definitely limiting abduction o injury, 

Roentgenograms of the pelvis (Fig. 3-C), taken thirty- 'C .jp{],g{,ni)rrulur 
showed further reorganization of the head, including the sequestiuni, u 
pattern, particularly in the distal portion, was reforming. jjilocation- 

The patient was finst e.xamined in the Clinic seven yeais a er 

gt-noi.m 


THi: joouN'An or noNC axd Joi-' 




I-'Ki. .>A 5-B 

sliowed a recent fracture of the base of the ace- Roentgenogram after three and one-half years revealed collapse of 

labnluin U’itJi cojitial dislocation of the hip. The femoral head ap- the head udth sclerosis of tlie underlying bone and secondary arthritis 
peared normal in sliape and density. 
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had continued his employment as a metallurgist, and used a crutch while at work and a 
cane at other times. Flexion of the hip was free to 90 degrees, while abduction and 
adduction were negligible and painful. Stereoscopic roentgenograms (Fig. 3-D) revealed 
complete transformation of the head, which had imdergone marked collapse with a re- 
sulting irregular, flat superior surface. The ossification within the capsule overlying the 
head gave it a mottled appearance on the single film. Acetabular sclerosis and marginal 
new-bone foi'mation indicated a far-advanced secondary osteo-arthritis. 

The patient was satisfied to continue the use of a cane or a crutch, and refused to 
consider arthrodesis. 


Case 4. L. C., male, aged forty, sustained a traumatic dislocation of the left hip. 
After reduction and three weeks of immobilization in a plaster dressing, the patient en- 
joyed normal use of the extremity for two years. Pain then returned and increased grad- 
ually during the next five years with marked disability. 

A roentgenogram (Fig. 4), taken seven years aftei' the acute injury, showed an ir- 
regularly deformed femoral head with loss of cartilage space, secondary sclerosis of the 
acetabulum, and the formation of marginal osteophj’tes. The shadow of the entire old 
articular cortex was absent. A dense shadow in the weight-bearing region apparently 
represented a portion which had become separated fi-om the remainder of the head as a 
result of a pathological fracture with sub.sequent invasion and transformation. Below 
this old sequestrum, and in response to its presence, the replaced bone had undeigone 
hypertrophy, and its shadow was denser than that of the surrounding living bone. The 
marginal sclerosis over the medial third of the head, in response to weight-bearing, an 
the restoration of trabecular pattern in the transformed areas were striking. 


Case o. H. B., female, aged sixty-eight, sustained an injury to the right hip w len 
she was struck by an automobile. A roentgenogram (Fig. 5-A), taken imme ® D 
showed a fracture of the base of the acetabulum with central dislocation of the hip. 
shadow of the femoral head was normal in shape and density. The extremit} was e e 
vated on pillows for six weeks with no attempt at reduction. The hip remaine pam 
after the period of recumbency, and full activity could not be resumed. 

The patient used the hip in spite of pain, and did not seek further nae ica 
three years. Roentgenograms, obtained at that time, showed the site o 
fracture to be well healed, but the deformed femoral head was slightly centia } 
with loss of its superior articular portion and narrowing of cartilage space, 
sclerosis had occurred along the irregular acetabular margin. The reduction 
of the greater portion of the head corresponded to that of the sunoun 
living bone, and there was marked thinning of its overlying cortex. The area ° jg 

density at the region of collapse was due to hypertrophy of replaced one in i 
weight-bearing. .. ,. jjjg jis- 

The patient was first admitted to the Clinic three and a half yeais o ow ^ 

location. Her chief complaint was pain in the hip. Physical examina lo ^jj^j^ption, 
right hip limp and extreme muscle ati’ophy of the thigh. Abduction, as w e 
was negligible and painful, while flexion was unrestricted. appearance 

Roentgenograms (Fig. 5-B) showed the hip to have change i femur 

since the last examination. It was evident that aseptic necrosis o ^ injury, 

had resulted from a loss of a major portion of its blood supply at re j (jurinp 

Restor ation of the dead head had apparently been completed, pressure. I* 

the period of reorganization had caused collapse at the point o jjnt over the 

is interesting to note that this had not occurred at the top o ’ of tire slight 

lateral surface where the full weight of the body was being orne 5 
per-sisting central displacement of the femur. „onpral nhysical conclr- 

Surgery was contra-indicated in view of the patient s age an , ugj, geven mouth' 
tion, but the hip pairr was relieved by crutches. Roentgenogram 
later showed no change in the appearance of the femora rea . ai-noim' 

thejournai. 0Eir0XE.o-P^r>r.xT.r 
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Fig. 6 

Roentgenogram showed iliac dislocation of eighteen years’ duration and 
healed fracture of the acetabulum. The necrotic femoral head had been 
transformed except for the calcified central dead portion (a). 

Tlie next case affords furtlier evidence that unprotected walking on 
the devitalized head is responsible for the collapse and alterations in its 
contour. In this instance, repo.sition of an iliac dislocation was not ac- 
complished and, although the patient resumed walking on the limb, the 
shape of the head remained unmodified. This is to be explained by the 
fact that the superincumbent body weight was not transmitted directly 
onto the head through the medium of the acetabulum. The case is of 
additional interest because the necrotic central portion of the head had 
apparentlj'^ remained unreplaced, and subsequently calcification occurred 
similar to that described by Phemister in a devitalized head following 
an intracapsular fracture of the femur, and by Kahlstrom, Burton, and 
Phemister *•' in large, aseptic, bone infarcte resulting from caisson disease. 

Case 6. S. K., male, aged fifty-five, was first seen in the Orthopaedic Clinic because 
of pain, referable to the lumbosacral spine and left gluteal region, of six months’ duration. 
Eighteen years previously he had been in a railroad accident and suffered multiple frac- 
tures of the pelvis and a posterior dislocation of the left hip which had not been reduced. 
He remained in the hospital for one year, during which time he gradually became ambu- 
latory and was able to bear full weight on the left leg, although theie was some insta- 
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v;.- Fig. 8-A 

Roentgenogram showing fracture of the posterior wall of the acetabulum. 
The femoral head is unchanged in shape and density. 


iity. Physical examination on admission to the Clinic revealed a left hip 
;ht lumbar scoliosis, and the left leg to be four inches shorter than the ng 

the hip was full and painless. j f tl p left femur 

Stereoscopic roentgenograms of the pelvis (Fig. 6) showed the hea o i 
to be displaced from the acetabulum and riding high on the posteiior 
ilium. The outline of the head was smooth but indistinct, following in egu ai » ^ 
of the bony articular cortex. The diminished density of the perip era 
epiphj'sis was similar to that of the atrophic shaft of the femur, and n as in 
trast to the calcified central dead portion which produced a dense irregu gf the 

one and five-tenths centimeters on the roentgenogram. The increase 
medial portion of the neck was not related to the central density in t e lea , 
in part to the hypertrophy of the trabeculae along new lines of n eig i gblitcr- 

in part to the superimposition of a portion of the ischium. The ace a ^ u 
ated and deformed as the result of a healed fracture; and the ligif 
site of two previous fractures. 


The next case illustrates the reappearance of pain four 
years after a traumatic dislocation of the hip. 

T„. or Bosr *.o 
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Roentgenogi-am after thirty montlis revealed a flattened head of mottled 
density and far-advanced osteo-artliritis. 


Case 7. A. A., male, aged fifty, sustained an injuiy of the right hip when he was 
caught in a moving belt of a conveyor. A roentgenogram taken then revealed a posterior 
dislocation of the hip and a fracture of the mesial portion of the head (Fig. 7-A). The 
dislocation vas reduced immediatel}', and, after si.xteen weeks, the patient was able to re- 
sume his former occupation. He stated that during the ne.vt fourteen months the hip 
remained symptom-free, and he had unlimited use of the e.\-tremity. Pain then recurred 
spontaneously, and was marked when he was first seen in the Clinic twenty months after 
the dislocation. Roentgenograms (Fig. 7-B) then showed a shadow of bone density at 
the infeiior border of the head and neck, which was interpreted as a chip fracture of 
the head. This was verified at surgeiy when the small osseous fragment was found 
loosely attached to an incompletely obliterated defect on the posteromesial surface of the 
head. 

Roentgenograms (Fig. 7-C), taken immediately after surgery, showed only a small 
spicule of bone remaining beneath the inferior margin of the neck. The head appeared 
normal in outline while the joint space and acetabulum were unaltered. 

The patient wore a non-weight-bearing caliper brace for six weeks following the oper- 
ation, after which the hip was entirely painless and motion was only minimally re.stricted. 
He did not return to the Clinic again for three years. Six months previous to this, pain 
had returned in the hip for a second time and had prevented him from working. 
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Roentgenograms (Fig. 7-D), taken five years after the dislocation and approximately 
three years after the arthrotomy, showed irregular areas of increased and decreased 
density throughout the slight^ flattened head of the femur. The articulai' coitax had 
been absorbed over the medial portion of the epiphysis where a large area of diminished 
density extended up to the joint surface. At the lateral margin there was a triangular 
shadow of apparent new-bone formation. The cartilage space was diminished in widtli 
with sclerosis of the acetabular margin. Arthrodesis was advised, but refused. 

Spontaneous reduction of a .subluxation of the hip occasionally occurs 
immediately following the acute trauma, or as the patient is being trans- 
ported to the hospital. The initial roentgenograms may, therefore, ap- 
pear entirely normal. However, if the displacement of the femur was of 
sufficient magnitude, capsular vessels, as well as vessels of the ligamentum 
teres, may be torn to .such an extent that aseptic necrosis of the head re- 
sults, and the patient experiences late pain and progressive disability of 
the hip. A patient of Dr. H. Gordon Heaney of Corpus Christi, Texas, 
appears to have presented such a sequence of events, although roent- 
genographic proof of the subluxation is lacking. 

Case 8. L. L. W., male, aged thirty, injured the left hip in an automobile accident. 
Roentgenograms (Fig. 8-A), taken the day of the accident, showed a linear fracture of the 
posterior margin of the acetabulum, but no changes in the femoral head. Full use of the 
extremity followed a short period of bed rest. Then, after thirty months, pain in the hip 
returned and grew progressively worse as walking was continued. 

Examination showed limitation of flexion and pain on rotation of the leg. Roo*> 
genograms (Fig. 8-B) revealed a flattened head of mottled density with irregular 
tion of the articular cortex, while the cartilage space was markedly diminished in 
Sclerosis of the acetabular margin and new-bone formation about the acetabu um an 
head indicated a far-advanced secondary arthritis. ^ . 

A diagnosis of aseptic necrosis of the femoral head following a traumatic 
of the hip was made, and the patient was .advised to use crutches. Pain an isa 1 1 . 
persisted and a vitallium-cup arthroplasty was performed. 

Traumatic dislocations of the hip are occasionally encountered i ^ 
young children. Seven patients whose dislocations were follovec 3} 
death of the femoral head have been recorded ^ 

the literature. The roentgenographic changes during replacemen o 
head appear somewhat similar to those observed in Legg-Perthes 
and the immediate end results are equally satisfactory. 
center undergoes necrosis vdth subsequent invasion and trans 
When the femoral head in older children becomes neciotic 
the pathological alterations simulate those seen in adults an 
are equally poor. This appears to be true whether the primal y pa 
cal condition xvas a traumatic dislocation, a fracture of the nec v 
femur, or a slipping of the upper femoral epiphysis. . "s of tl'^’ 

Case 9 illustrates the changes associated with aseptic neci os 
femoral head after traumatic dislocation of the hip in a cln • 

Case 9. F. F., male, aged twelve, a patient of Dr. Frank D. femur or 

an obturator dislocation of the left hip without an associated following close'* 

acetabulum (Fig. 9- A). The hip wms immobilized in a plaster jo returned, 

reduction, and the patient’s recovery was complete. Fifteen mon rs > 

the jouknae of bone axd joint srnr.n 
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and roeiitKenoKi-ains (Fig. 9-B) showed a mottled appearance of the head not unlike that 
seen in Legg-Perthes disease. There were numerous small areas of osteoporosis about 
the periphery of the eaihtal epiphysis where replacement had already occurred, while the 
central, unrcstored, dead portion was e.vtremely dense. The cartilage space was un- 
changed in width and the acetabulum appeared normal. 

Further weight-bearing was prevented, and roentgenograms (Fig. 9-C), taken seven 
months later, showed restoration of the epiphysis e.x'cept for several linear areas of dead 
bone persisting in the central poi'tion. The shadow of the articular cortex was abs^^ 
and the ossification center of the head was slightly decreased in height. Apparent inte^ 
ference with growth at the epiph^'seal plate had resulted in a shortened and broadg^d 
neck with relative upward displacement of the greater trochanter. In spite of the chanf^ 
in the osseous center, the cartilage space corresponded in width to that of the right hip? 

The subsequent course showed final reorganization of the bone epiphysis, and the 
patient’s functional recoveiy remained good six j'ears and two months after the injurj'. 
Roentgenograms (Fig. 9-D) then showed the head to be somewhat flattened, but rela- 
tively smooth in outline, while the joint space was well preserved, and there were no 
arthritic changes. 

END RESULTS AND TREATMENT 

patient who sustain.s a traumatic dislocation of the hip may 
develop late changes in it, due to aseptic necrosi.s of the femoral head. Of 
the forty-three recorded cases in older children and adults, thirty-nine 
have resulted in deformed and painful or ankylosed hips. In each of 
these instances, the head had undergone extensive collapse or fragmenta- 
tion before the patient returned for medical care after the period of ap- 
parent recovery, or before the primary pathological condition was recognized. 
This demonstrates the importance of early diagnosis, and the necessity for 
adequate protection of the fragile, devitalized head during its restitution, 
if the prognosis in these cases is to be improved. Since the presence of a 
dead head cannot usually be detected soon after the initial injury, either 
by clinical or roentgenographic examination, the physician may approach 
the problem of early diagnosis in one of two ways, as follows: 

Whenever possible, the extremity may be protected from weight- 
bearing by means of crutches for four to six months after the postreduc- 
tion period of immobilization or recumbency. If the femoral head undergoes 
uniform atrophy of disuse and no density difference develops between it 
and the then osteoporotic living bone of the shaft and the ilium, as shown 
by roentgenograms, the patient may resume full weight-bearing with the 
likelihood that the head has remained alive, although roentgenographic 
follow-up should continue for an additional twelve months. However, if 
the head is thus shown to be necrotic, early protection can be pro\'ided and 
continued until serial roentgenograms show final revascularization and 
replacement bj'' new bone. 

On the other hand, if the patient insists on walking six weeks after 
the dislocation without the aid of crutches, roentgenographic examination 
of the hip must be obtained at intervals over a period of at least two j^ears, 
although the e.xtremitj^ may appear clinicall5'^ intact. When the diagnosis 
becomes available before much damage to the head has occurred, weight- 
bearing should be prevented until replacement has been comjileted. If, 
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liowever, the hip is already the site of a marked deforoiing artliritis B'liicJi 
precludes the possibility of a satisfactory outcome, an arthrodesis appears 
to be indicated. 

While the end results have been almost uniformly bad in adults and 
older children, the outcome has been gratifying in eight young children in 
whom a traumatic dislocation of the hip was followed by aseptic necrosis 
of the femoral head. 
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AN lAIPROVED SHELF OPERATION AT THE HIP 


BY EDWIN W. RYERSON, M.D., CHICAGO, ILLINOIS 


The construction of a shelf over the head of the femur may be ro- 
quii-ed in several kinds of instability of the hip joint, such as: 


1. Older cases of unreduced congenital dislocation of the hip. 

2. Successfully reduced congenital hip dislocations, where, in later 
life, the upper rim of the acetabulum fails to develop sufficiently to cover 
the femoral head (very properly called “d 3 ’^splasia of the acetabulum”)- 

3. Congenital subluxation of the hip, “in which there is a more or 
less pronounced displacement of the femoral head in the acetahulum, . . • 
but in which part of the head still lies in the acetabulum”, as described 
bj^ Wiberg. 

4. Plastic changes in the shape of the femoral head, such as may occin 
in coxa plana (Legg-Calvd-Perthes disease), or other deforming conditions. 

5. Certain cases of hip instability following arthroplasty, lecon- 
struction operation, or the acute, suppurative epiphi'^sitis of infancy. 

Nearl^'^ all of the shelf operations hitherto described have imolved 
turning down a flap of bone from the outer table of the ilium ovei the 
femoral head, and bracing this flap bj’’ small bone grafts placed between 
the flap and the ilium. This method is not mechanicallj'^ sounc . n 
adults and adolescents, the flap is apt to be fractured completely at t ic 
base while being turned' down, and cannot be fixed in place with su cien 
solidityL In such cases, traction and protection must be continue oi a 
long time, in order to prevent upward displacement of the shelf. ' en m 
children, where the flap undergoes onty an incomplete, greenstick lac 
the mechanical fixation is not veiy secure. In addition to this o jec lo^, 
there is difficultj^ in placing the shelf directh^ above the 
The author has seen man.v cases and man^’’ reports of cases vlmie t 
has been constructed at so high a level above the head that t e ope | 
has been of no value to the patient. Notwithstanding these 
tages, this method has been widel.^'^ used in American and foieign^ gxcel- 
with slight and unimportant variations in technique, and has gn 
lent results in many cases. In Europe it is usually called Lance sni^^^^^^ 

The tibial-peg shelf operation described b}^ Compel c an 
furnishes a strong and stable shelf, on good mechanica a 

requires the removal of bone grafts from the tibia, and does no 


smooth surface of cortical bone. ... [h-ivcn 

Hallock mentions the use of a free graft of bone fiom e i 
in immediatety above the femoral head. He does not s a ® jjis 

portion of the ilium the graft is removed, and the autl^i c oes a 

procedure is exacth^ like the one here described. n gj,rpeonN 

* Read at the Annual Meeting of The American Academy of Orthopae i< 

New Orleans, Louisiana, January 14, 1941. 
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slioi'l n'ljort of the autlior’s method was read at the celebration of the 
Seventieth Annivcrsaiy of the founding of the Boston Children’s Hospital, 
but the report was not published. 

During the last five years, a technique has been developed which 
seems better and simpler than anj’- of the other operations that ha^’e been 
described. It is adapted particular!}’- to patients over ten years of age. 

PL-A^N OF OPER.VTION 

A .‘-■(luare or rectangular piece of the full thickness of the wall of the 
ilium is excised, and is then driven into a deep slot cut with a thick osteo- 
tome directly above the head of the femur. It needs no supporting struts 
or bone grafts to hold it in place. Only a short period of traction in bed is 
required, for, as soon as the incision is healed, the patient may be allowed 
to get up and walk about with crutches. Only one incision is needed. The 
large opening left in the wall of the ilium has not caused any disturbance, 
probably because the periosteum of the visceral side of the ilium is left 
intact and is reinforced by the strong iliacus muscle. 

TECHNIQUE OF OPERATION 

A Smith-Petersen incision is used to expose the anterior half of the 
ilium and the capsule covering the head of the femur. The capsule is not 
opened, but it may be stripped from the wall of the ilium if there is much 
upward displacement of the femoral head. The head may then bo pulled 
down as much as is practicable. 

A thick osteotome is now driven hoiizontally into the wall of the 
ilium just above the head of the femur, to a depth of one-half to three- 
quarters of an inch or more, depending upon the thickness of the ilium at 
the desired level. This slot is extended forward and backward sufficiently 
to correspond with the size of the femoral head, and is curved slightly like 
a shallow acetabulum. It can be cleaned out with a small curette through 
its entire length and depth (Figs. 1 and 2). 

An area is now selected on the upper, curved surface of the wall of 
the ilium, just below the crest, and a rectangle of appropriate size is 
marked out by four drill holes at the corners. The drill is dri^'^en through 
the entire thickness of the ilium, including both tables of the bone. It is 
easy to do this with the hand drill operated at slow speed, and one can 
gauge accurately the depth of the bone at the different corners. A thin- 
bladed, half-inch osteotome is used to cut out the graft, which in older 
patients is about one and a half by two inches in size. The thickne.ss of 
this graft will be found to varv considerably, being thicker in the portion 
nearer the acetabulum. It has a slightly curved surface, which makes it 
fit the femoral head with some degree of accuracy. 

After the edges of the graft have been smoothed and the corners 
rounded, the thinner edge is driven firmly into the slot with a blunt im- 
pactor or a small hammer. If the graft projects farther than is necessary, 
it can be trimmed with a rongeur forceps. This shelf is so strong and 
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Fig. 1 Fig. 2 

Chisel cutting deep slot above femoral Slot completed. Full-thickness 

head. graft outlined on ilium. 



Fig, 3 

Graft in place. 


solid that no supplementary bone grafts are needed (Fig- 3). 
ing is carefulljr checked, using Horsle.y’s wax, if a firn> 

edges of the ilium. The incision is sutured in the usual 
muslin spica bandage is applied over thick la 3 'ers of sheet v a 
The patient is put to bed mth a Buck's extension o on } 
weight to balance the muscle pull. It is not necessary'’ to rav 
head awaj' from the, shelf. 

THE JOUKNAE OF BONE AND JOI-NT .M 



Fig. - i -oHnn In addition 

Cme 2. B. K. 

;fve“ErSI VSS has complete relief of 


Fig. 5-A 

'ase 3. A. T. May 

dition before operation. 


17, 1939, 


^ o A T. Augu^it 
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Fig. 5-C 

Case 3. A. T. June 2, 1941, roent- 
genogram shows defect in ilium 
unfilled. Patient has complete relief 
of symptoms. 



Fig. C 

Roentgenogram taken June 3, 1941, 
of patient on whom operation de- 
scribed was performed on July 15, 
1939, by Dr. R. O. Ritter. 


Several other patients on the author’s Service have been operated 
upon in this manner. Figure 6 shows the result in one patient. 

This method is simple and mechanicals sound, and can be per- 
formed in a relativeh" short time. The convalescence is rapid, and the 
results have been extremely satisfactory. 
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suiting in iirossurc on the pelvic veins and vascular stasis in the lower 
extremity. Probably of all the factors, trauma is the most significant to 
the orthopaedic surgeon who is called upon so frequently to treat trauma 
of the o.sseous system with injury to the soft parts. The question has 
frequently been raised: Why is it that intravascular clotting does not occur 
more frequentlj" following extensive injiny to an extremity in which tis- 
sue damage, particular!}" to the soft parts, may be considerable? Cer- 
tainly a trauma of equal severity elsewhere in the bodj" would produce 
blood changes sufficient to be considered as precipitating factors in the 
production of thrombosis. These changes, as emphasized previously 
by the authors®, arc increased viscosity, hyperglobulinaemia, hyperprotein- 
aemia, — that is, an increase in the albumin-globulin ratio — increased fi- 
brinogen content, antitiyptic power, peptidase, and calcium content, and 
a decreased carbon-dioxide-combining power of the plasma. In addition 
to these changes in the plasma, there are significant changes in the formed 
elements of the blood, which consist of an increase in the number of 
thromboc3"tes and an increase in their agglutination tendenej". This is 
probably the result of the change in the albumin-globulin ratio of the 
plasma, tending to decrease the electrical charge of the platelets. The 
leukoc,ytes are similarly increased, and also show an increased agglu- 
tination tendenc}". The erythrocytes, although decreased, show the same 
agglutination tendency, as exemplified by the rouleau formation. 

Circulatory retardation has long been considered one of the most 
important precipitating factors. As previousl}" emphasized® ®, anj" con- 
dition which will interfere with the normal return circulation and predis- 
pose to venous stasis maj" act as a precipitating factor. Thus, posture, 
immobility, hypopnea, and increased abdominal tension ma}" produce 
circulatory retardation. 

In a patient with extensive trauma of an extremity associated with 
a fracture, in whom, after reduction has been done, immobilization is 
secured b}" means of plaster, it would seem that the conditions were ideal 
for the development of thrombosis, — namely, changes in the blood, which 
predispose to intravascular clotting, and circulatory retardation, favoring 
the production of a clot. For these reasons, it may at first appear diffi- 
cult to explain why thromboses do not occur much more frequently in 
such instances. There are probably several reasons which might be 
given. Whereas trauma can and does occur in elderly individuals, 
most of the extensive injuries of the extremity occur in relatively young 
individuals whose vascular system is relatively unimpaired, and in whom 
vascular stasis is less likely to occur. It is a well-known fact, as has been 
previously emphasized by the authors®-®, that intravascular clotting is 
more likely to occur in advancing age. Of even greater importance 
probably is the vasodilating effect of choline derived from the injured 
muscle in the extremity. This tends to offset the disadvantages of 
immobilization and tends to overcome vascular stasis. Of great signifi- 
cance also is the increased heat to the part, resulting from the retention 
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of the natural body heat by the plaster. Were it not for this last fact, 
probably many more venous thromboses would occur in such individuals. 
The authors have previously directed attention to the significance of 
heat and consequent vasodilatation on the incidence of thrombophlebitis. 
Thus, for example, the incidence of thrombophlebitis is considerably 
lower in southern climates and during warmer months. The extremely 
low incidence of thrombophlebitis in this Clinic is due, in the authors’ 
opinion, to the fact that heat tents which cover the lower portion of the 
body, including the lower extremities, are routinely applied postopera- 
tively. 

The clinical manifestations of venous intravascular clotting vary 
considerably according to the extent and site of involvement. Every- 
thing else being equal, the more proximal the location of the vein — that 
is, in the femoro-iliac area of the lower extremity — the more severe the 
clinical manifestations. Pain is almost invariably present. As venous 


clotting is most likely to occur in those areas in which there are the great- 
est number of tributaries, the popliteal vein, the veins of the calf, and 
the femoro-iliac veins are those most frequently involved. There is 
usually some fever, although the temperature elevation may not be 
high. A step-ladder type of temperature curve is quite common. Swell- 
ing of the extremity is an almost invariable accompaniment of deep-vein 
thrombosis, although it may be absent in involvement of the superficial 


veins. Here also the more proximal the vein involved, the greater are 
the extent and the degree of the swelling, — that is, the involvement is 
greatest in the femoro-iliac vein, where the typical phlegmasia alba 
dolens appears. The temperature of the involved extremity varies ac- 
cording to the site of involvement. In cases in which the superficial 
veins are involved, there is increased heat over and along the couise o 
the invoh’ed vein, and there is usualh^ redness, whereas in the individua 
with deep-vein involvement the e.xtremity is frequcntl}'^ cold and vhitc, 
as evidenced by the “alba” in “phlegmasia alba dolens”. It is lat ei 
difficult to understand why, for so many years, physicians disiegai et 
the apparent paradox that a patient with a definite inflammatoi} |s 
ease involving the venous system, as evidenced by marked 
should have an extremity which not onl.y is not as warm as the ics ^ 
the body, but commonly is actuall}' colder than a normal extiemi 3^ 
The whiteness of the extremity has been usualh'’ attributed to t ic s a,. 


nation of the lymph. jj. 

The diagnosis of intravascular clotting is not particular 3 
The presence of predispo.sing and precipitating factors such as 
dent trauma with tissue destruction, infection, 
and other factors stated above— are high^v suggestive. 
to these factors there are such clinical manifestations as swell- 
ness over and along the course of an involved vein, associate jilj., 

ing of the involved extremity and fever, a diagno.sis o 10 


bitis is justified. 
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III voiious thrombosis, as in othor conditions, the best method of 
tlierapy is tliat of propliylaxis. Although one cannot control the degree 
of trauma in disease or in the accidental injuries, the surgeon can decrease 
the postopi'rative incidence of intravascular clotting by being as atrau- 
matic in his operative teehniiiue and in his manipulations as is possible. 
In pri'vious imblications '■ “ the prophylactic therapy was discussed 
in detail, and the most important factors were outlined as; (1) hydra- 
tion, (2) mobilization, (3) re.spiratory stimulation, (4) prevention of 
increased abdominal tension, and (5) application of heat. In this regard 
early post-operative mobilization of the extremities is highly desirable. 
In individuals in whom immobilization is necessary, the application of 
heat to the involved extremity is of importance. Obviou-sly, in a patient 
whose exti'cmity is immobilized in plaster, the retention of the body heat 
is efficacious in increasing the heat of an extremity and in producing 
vasodilatation. The avoidance of abdominal distention is of impor- 
tance in reducing the likelihood of vascular retardation in the veins of 
the lower extremity. It is also important that the flow of venous blood 
to the heart should be favored by the use of deep-breathing exercises, as 
this increase in the intrathoracic negative pressure augments the return 
flow of blood. 

Once thrombophlebitis has occurred, the most rational form of 
therap}’’ is based upon an attempt to counteract vasospasm, and to pro- 
duce maximum vasodilatation in the involved extremity. That vaso- 
spasm plays a prominent rfile in the development of the clinical mani- 
festations of thrombophlebitis has been demonstrated b}" clinical and 
experimental observations n 3. s Qjj basis of these observations it 
is believed that a vasomotor reflex is initiated in the thrombosed venous 
segment, causing widespread vasospasm of the vessels of the involved 
extremity. These vasoconstrictor impulses are transmitted by way of 
the sympathetic nerve fibers. This spasm in the arterioles is responsible 
in great measure for the decreased temperature and pallor of the involved 
extremity, which is so typical of a deep-vein thrombosis. It also e.xplains 
the apparent parado.x of a white, cold extremity in a patient who has a 
systemic pyrexia. The oedema, which previously has been attributed to 
the increa'^ed intravenous pressure resulting from obliteration of the large 
venous channel draining the extremity, cannot be explained on this basis, 
because by the prompt institution of adequate therapy the oedema will 
subside in a period of a few da^'s, long before the intravascular clot has 
become recanalized. As previously emphasized by the authors 3- '• 3- 
the oedema in cases of thrombophlebitis is not due primarily to the in- 
crease in the venous pressure, resulting from the plugging of the large 
venous channel of the c.xtremity, but is due principally to a number of 
factors which are the result of the vasospastic influences arising in the 
thrombophlebitic segment. As a result of the marked arteriolar spasm, 
the blood flow through the capillaries is decreased. This causes a rela- 
tive anoxia of the capillary endothelium which increases its permeabil- 
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ity and results in excessive exudation of intravascular fluid into the peri- 
vascular spaces. Although this explanation is adequate for the presence 
of increased perivascular fluid, it does not explain the persistence of the 
oedema. The vascular spasm, in venules as well as in arterioles, is 
responsible for its persistence. Because of spasm in these vessels and in- 
creased venous pressure, the pressure on the venule ends of the capil- 
laries is increased, and this interferes with the absorption of the fluid 
in this area. Of particular importance in this regard, also, is the accumu- 
lation of proteins in the perivascular fluid, which further increases the 
oncotic pressure of tissue fluids, thus tending to hold and attract fluids 
into the tissue spaces. Normally, a good deal of the perivascular fluid 
gets back to the vascular system b}’- waj'^ of the lymphatics. As has been 
shown by McMaster and Parsons “ and by Cressman and Blalock-, 
movement of the lymph is dependent upon arteriolar pulsations. Dur- 
ing the period of arteriolar spasm resulting from impulses originating in 
the thrombophlebitic segment, stasis of lymph occurs because the 
“pump”, which is responsible for its movement, is not functioning 
normally. 

Accordingly, the treatment of thrombophlebitis consists in producing 
vasodilatation of the involved extremity, and this can be done best by 
novocain block of the lumbar sympathetic ganglia, which successfully 
interrupts the vasoconstrictor impulses arising in the thrombophlebitic 
segment. In this way the vascularity in the capillary bed is increased; 
the relative anoxia of the capillary endothelium is prevented; and the 
normal permeability of the capillary endothelium is reestablished, which 
prevents the continuation of the excessive exudation of intravasculai 
fluid into the perivascular spaces. Of equal importance also is the effect 
of the return of arteriolar pulsation on the movement of lymph. As 
arteriolar pulsation is the most important factor in the movement o 
l3^mph, the reestablishment of these normal pulsations will result in t le 
removal of the excessive perivascular fluid and its return to the vascu ai 
system. This further decreases the protein content of the tissue ui , 
which, in turn, diminishes its oncotic pressure, thus preventing the accu 
mulation of perivascular fluids. Because of the relief of the ^ 

the venule side of the capillary, absorption of the perivasculai ui m o 
the venous end of the capillary is favored. In this way the lapi su^^ 
sidence of oedema might be anticipated, a fact which has been 
lished clinicall3^ . .• jg 

The technique of the novocain block of the sympathetic gang 
extremely simple, and has been adequately described in 
cations '• Briefly, it is as follows: For the lower extremities, 
S 3 '^mpathetic block is performed on the affected side, wit e 
lying in the lateral recumbent position. The cutaneous si es o^ ^ 
ture are determined b3" taking a point approximate^'’ gpinoiis 

half finger-breadths lateral to, and on a horizontal level wit , i 
processes of the first lumbar vertebra. Each needle is inser 
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(•ally until the ti'aii.svorso process of the vertebra is reacheeJ. The (Jirec- 
tion of the needle is then changed slightly, passing either above or below 
the transverse jirocess, and the needle is introduced for an additional 
two to two and a half finger-brc'adths so that its point lies near the 
anterolateral surface of the body of the vertebra in the retroperitoneal 
space where the sympathetic chains lie. Five cubic centimeters of 1-per- 
cent. procaine-hydrochloride solution is injected through each needle, 
care being taken to determine prei’iousby that the needle is not in a vessel. 
In cases with involvement of the upper e.xtremity, the anterior approach, 
which is a modification of the Leriche approach worked out b}" one of 
the authors (jSI.D.), is preferred. A point one centimeter medial to the 
mid-portion of the clavicle is chosen and an intracutaneous wheal of 
novocain is made into the skin immediately over the upper border of the 
clavicle. A fine lumbar puncture needle is introduced on a horizontal 
level with the clavicle and directed posteriorly and medially at a fort}"- 
five degree angle with the mid-line. The point of the needle, after being 
introduced for a distance of from si.x to seven centimeters, impinges 
against the anterolateral surface of the bodj^ of the seventh cervical 
vertebra or at the junction between the seventh cervical and first thoracic 
vertebrae, where the stellate ganglion lies. After ascertaining by aspira- 
tion that the needle is not in a vessel, ten cubic centimeters of 1-per-cent, 
novocain is introduced. A satisfactor 3 ^ injection is determined b}'^ the 
jiresence of Horner’s s.yndrome, anhydrosis, and an increase in warmth 
in the e.xtremity on the injected side. Sympathetic ganglion block is 
done dail.y until the patient is fever-free, because it is believed that, as 
long as the fever persits, vasospastic impulses can originate in the throm- 
bophlebitic segment. 

Forty-one cases of venous intravascular clotting have been treated 
in this wa.y.* One of the most dramatic results of the therap}'^ is the 
pi’ompt relief of pain as soon as the procaine block has been completed. 
Within twenty to thirty minutes after the block, a patient who has pre- 
viously had considerable pain is completely relieved. Of the forty-one 
patients, thirty-five (85.4 per cent.) were permanently relieved by the 
first block, and six (14.6 per cent.) required a second block to relieve 
them permanentty of their pain. There is a rapid subsidence of fever, 
the temperature dropping 1 to 3 degrees within twelve hours. Of the 
forty-one patients, twenty-five (61 per cent.) were fever-free in forty- 
eight hours or less, nine (22 per cent.) were fever-free in from three to 
five daj’^s, five (12.2 per cent.) were fever-free in from seven to eight da.vs, 
and onty two had fever peivisting longer than eight dai's. Of the fortv- 
one patients, only forty had oedema, because one occurred in a patient 
who had had a previous amputation. The prompt relief of oedema is 
as dramatic as the subsidence of the fever. Of the forty patients with 
oedema, twenty (50 per cent.) had a normal-sized extremity within four 

‘Since this article was written, seventy-one (»ses liave been treated by this method. 
An analysis of these results has been published." ' 
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days or less after the first block. In twelve (30 per cent.) the oedema 
subsided in from five to eight da 3 's, in six (15 per cent.) in from nine to 
ten days, and in two the oedema lasted as long as the eleventh or twelfth 
day. These figures, and the duration of the patient’s stay in the hospital, 
are particularlj^ significant when one considers that all of the.se patients 
had typical cases of phlegmasia alba dolens m which one would expect 
a long convalescence, a persistence of pyrexia for weeks, oedema for weeks 
or months or possibly for the rest of their lives, and the probability of 
the development of other postphlebitic sequelae. Not only are the 
discomforting symptoms and dangers of the condition obviated, but t le 
prompt institution of adequate therapy in this condition is o grea eco 
nomic importance, as illustrated by the duration of the hospital stay m 
thirtv-nine of the forty-one patients who were observed, i wo ot me 
patients were seen at home, so that they cannot be included in ttre hospita 
series. Twentv-six (66.7 per cent.) were discharged fiom ^ 
on the fourth to the eighth day, nine (23 per cent.) 
twelfth days, and only four (1Q.3 per cent.) remained m the hospital mo 

than twelve days. 
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A SIMPLE METHOD OF AMBULATORY TREATMENT 
OF FRACTURES OF THE CLAVICLE 


BY M. G. KINI, M.C., M.B., M.CH. (oRTH.), F.R.C.S. (EDIN.), 
VIZAGAPATAM, SOUTH INDIA 

Surgeon, King George Hospital; Professor of Operative Surgery, Andhra Medical College 

Greenstick fractures of the clavicle require very little attention. 
Wharton Hood’s method is the simplest and gives satisfactory results. 

In fractures of the clavicle with marked displacement, various meth- 
ods of putting up the fracture have been described, each having its good 
points. Those that are simple are not effective, and those that are effec- 
tive require a mechanic’s help to construct a splint to suit the individual 
ease. The principle of putting up fractures of the clavicle is well known, 
but maintenance of the fragments in the corrected position is difficult, due 
to respiratory movements and the difficulty of keeping the shoulders 
braced back without immobilizing the spine. Hawley tried to solve the 
problem by his T-shaped splint, but this requires constant attention and 
adjustment. Bohler’s method of reducing a fracture of the clavicle is 
very simple, but it requires a mechanical appliance adjusted to fit each 
individual. In South India, working in a place where a mechanic’s help 
is difficult to obtain, the author adopted the following .simple technique, 
using plaster of Paris. 



Fig. 1-A Fig. 1-B 

Clinical photographs illustrating the method of using plaster bandage' in 
correcting fractures of the clavicle. 
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Fig. 2-A 


Fig. 2-B 


Roentgenogram showing displace- 
ment of fracture of the clavicle. 


Roentgenogram showing the result 
two years after reduction. 


Two axillary roller pads of jute fiber covered with cotton, of the size 
required, are put under the armpits with the shoulders braced back by an 
assistant. Adhesive-plaster strips are applied to the area over the frac- 
ture of the clavicle, so as to give support and to prevent effusion. First, 
a pelvic support is made by plaster-of-Paris bandages rolled around the 
waist and molded over the crest of the ilium, and this support is covered 
with sponge rubber. Second, a padded plaster-of-Paris strip, four layers 
thick, four inches wide, and long enough to cover the front of the chest 
below the neck, is applied and molded over the front of the shoulders. A 
similar padded strip, four layers thick, four inches wide, and of the re- 
quired length, is applied on the back and molded over the dorsum of the 
shoulders. (See Figures 1-A and 1-B.) Third, a plaster-of-Paris strip is 
made and rolled into a smooth rod, flat at the ends; this is fixed to the 
plaster-of-Paris strip on the back above and to the pelvic support below . 
Fourth, a flat, thick, smooth strip of plaster of Paris is molded to the injuiwl 
side of the chest, the axillary pad, and the pelvic support. When this 
sets, it acts as an axillary crutch, lifting up the shoulder and maintaining it 
in that position. A roller plastei’-of-Paris bandage is then passed arounc 
the axillary pads and the front and back of the chest over the strips in a 
figure of eight, and molded gently without causing undue pressure. Sinn 
larly, the lower end of the rod is firmly fixed to the pelvic suppoit by a 
roller plaster-of-Paris bandage. When the plaster of Paris sets, t le 
shoulders are automatically braced back and held in that position by 1 1 
rod and strips in front and back of the shoulders, preventing bending or 
sagging; the axillary crutch .supports the shoulder in the coriectec po^^ 
tion. This is a very simple and efficient method of reducing 
the clavicle by plaster-of-Paris splints and is very useful in tropica < o 
tries. - 

Plaster jackets in the ambulatory treatment of 
clavicle, as described by Young, have been tried with success in two 
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Fig. 3-A 

Roentgenogram showing displace- 
ment of the fracture of the clavicle. 


Fig. 3-B 

Roentgenogram showing union of the 
fragments two years after the accident. 


where a cosmetic result was desired. The principle is very good, but in 
tropical countries a plaster jacket causes great discomfort to the patient. 
The method just described has been modified by using a T-shaped splint 
with a posterior strip and axillary support (Figs. 4-A and 4-B). This 
method is quicker, and the results have been very encouraging. 

The principle of the clavicle splint of Bohler has also been employed by 
the author. The axillary crutch is made by molding soft jute fibers into a 
pad covered with layers of plaster-of-Paris bandage; the portion of the 
splint which comes in contact with the side of the chest is made smoother 



Fig. 4-A 


Fig. 4-B 


Modified method of application of plaster-of-Paris splint for fracture of 
clavicle. 
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by using not more than two or three layers of plaster-of-Paris bandage and 
by inserting a layer of lint of the same size with the rough side next to the 
plaster of Paris when the plaster is still wet, so that the fluffy side is next 
to the skin. On the outer side, the pad is made a little thicker to strengthen 
it and to prevent it from cracking. The top of the pad is made smooth 
and round, and over it a sponge-rubber pad is fixed. The lower end of 
the pad is flattened, as it has to be fixed to the pelvic support made of 
plaster-of-Paris bandage. This method of application of plaster of Paris 
has given very satisfactory results. It is useful in treating older people 
whose shoulders should be kept free for movement. Usually strips of 
adhesive plaster are stuck on the area over the two fracture ends to give 
support and to prevent further effusion. 

These methods are described to show how plaster of Paris can be 
put to a useful purpose for manufacturing splints when a mechanic’s help 
is difficult to obtain. 

The author wishes to express his gratitude to Dr. P. Kesavaswamy, roentgenologist, 
for the roentgenograms included in this paper. 
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ACROMIOCLAVICULAR DISLOCATION 


A New Operative Treatment * 

BY E. B. MUMFORD, M.D., INDIANAPOLIS, INDIANA 

The majority of patients with dislocations and subluxations of the 
acromioclavicular joint recover with conservative treatment. In only a 
small percentage of the cases, which may be termed chronic, is there 
permanent impairment through pain and loss of function. The operation 
to be described is for the chronic type of lesion. 

The function of the clavicle, other than for the attachment and origin 
of certain muscles, is purelj^ one of a strut or buttress to hold the tip of the 
shoulder out from the bodjL It does not have anj'' weight-bearing func- 
tion. Excellent function of the upper extremit3'^ is consistent with an 
absence of the clavicle. This is seen in congenital deformities, or after 
the entire bone has been removed later in life, and in other cases in which 
the continuity of the clavicle has been disturbed, as in non-union of frac- 
tures, in complete dislocation at the acromioclavicular joint, and in partial 
excision of the bone. This point is illustrated b}" two patients seen b3'' 
the writer: One was a nurse, in whom the entire clavicle was e.xcised, and 
one was a man in whom the distal end of the bone had lost all contact with 
the acromion as a result of dislocation. In both cases there was complete 
and full function of the shoulder, without pain. The acromioclavicular 
articulation is a simple type of arthrodial joint without an3'' special fea- 
tures. Within its capsule is found, not infrequentty, a meniscus or 
articular disc, usually occup3nng the upper part of the joint. A superior 
and an inferior ligament strengthen the capsule. The clavicle, pivoting 
at the sternal end, is maintained in relation to the scapula by the coraco- 
clavicular ligament, which has an anterior portion (trapezoid ligament) 
and a posterior portion (conoid ligament) to limit rotation of the clavicle. 

Watkins, ‘ in his study of acromioclavicular lesions, observed that, 
when the point of the shoulder is depressed, the clavicle comes to rest 
upon the first rib, and at the same time occurs a forward rotation of the 
clavicle about its sternal end as a center. If the force persists, either the 
clavicle fractures or the coracoclavicular ligament ruptures with an asso- 
ciated luxation of the acromioclavicular joint. It was upon these findings 
that he based his operation for the repair of the chronicalty dislocated 
acromioclavicular joint. The essential factor of the operation is the 
repair of the coracoclavicular ligament by means of a silk ligature passed 
around the clavicle and the coracoid process of the scapula. Practicall3' 
all subsequent operations have been onty modifications of Watkins’ 
operation, the silk being replaced b3’^ fascial strips or other material. The 

* Read at the Annual Meeting of The American Academy of Orthopaedic Surgeon.*, 
New Orleans, Louisiana, January 16, 1941. 
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repair of the ligaments of the acromio- 
clavicular joint has been a minor fea- 
ture in these operations. 

Watkins’ operation was a decided 
improvement over those in which the 
acromioclavicular joint alone was at- 
tached by wires or other types of 
sutures. However, his operation was 
not only an extensive one, but, in the 
hands of many surgeons, failed to give 
a satisfactory result, the convales- 
cence being long and the end result 
including pain and some impairment 
of motion. 

Based upon the premise that a 
stable shoulder with full function and 
with absence of pain is consistent with 
a loss of continuity in the shaft of the 
clavicle, or even with a loss of a por- 
tion of the bone, the following opera- 

Case 1. G. A. Photograph showing tion was planned and executed. The 
function at end of three weeks following report may be premature, as only four 
operation. patients have been operated upon, 

all of whom have had what might be termed subluxation or partial dislo- 
cation of the joint, but the results were so satisfactory in every respec 
that the operation is presented so that its true value may be deteinnne 
by other surgeons. In all the patients the period of disability was s lor . 
One patient returned to work at the end of two weeks. There has een 
no permanent deformity from an upward riding of the remaining por lo 
of the clavicle, and the scar is not disfiguring. 




Fig 2-A j 

Case 2. C. F. Roentgenogram showing amount of bone removed from t 
of the clavicle. y 
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The operation was not done on 
any patient with complete and per- 
manent dislocation. If there should 
be a persistent upward riding of the 
bone, this could be remedied by a fas- 
cial suture between the clavicle and 
the coronoid process. No excision of 
the sternal end of the clavicle has 
been done for a painful dislocation at 
the sternoclaidcular joint, although 
this may be a rational procedure. 

The operation is simple. A small, 
eurved incision is made over the acro- 
mioclavicular joint and a skin flap 
thrown inward to expose the distal end 
of the clavicle. With a curved, blunt 
dissector, the end of the clavicle is 
freed from all surrounding soft tissue; 
and, with a sharp bone-cutting instru- 
ment, the distal end of the clavicle is 
cut and removed, together with any 
meniscus or joint disc that may be 
found in the joint. The cartilage on 
the acromion is not disturbed. The soft tissues are then drawn between 
the cut end of the clavicle and the acromion with catgut sutures, so as to 
cover the raw surface of the clavicle. No attempt is made to repair the 
ligaments about the joint. The skin flap is sutured with silk and the arm 
is held to the side of the body by a Velpeau bandage. This simple fixation 
is maintained for one week, and then active use of the arm is encouraged. 
Return to work should be possible within three to four weeks. 

Case 1. G. A., a woman, aged sixty-two, fell and injured her left shoulder four years 
before she was seen by the writer. Since that time she had had pain and limitation of 
motion. At the time of examination, the acromioclavicular joint was very tender and the 
distal end of the clavicle was slightly displaced upward. Abduction of the arm was 
limited to 90 degrees. Upon exploration of the joint, some proliferation on both the 
acromion and the clavicle at the joint line was found. The distal three-fourths of an 
inch was excised and the soft tissues were drawn across the cut end of the clavicle. The 
arm was carried in a sling for a period of two weeks. At the end of the third week, the 
patient resumed her household duties with almost complete abduction of the arm (Fig. 
1). All symptoms of pain had disappeared. 

Case 2. C. F., a man, aged thirty, injured his left shoulder by a fall. The diagnosis 
of acromioclavicular dislocation was confirmed by roentgenograms. The shoulder was 
strapped for three weeks, but limitation of motion and pain persisted. The patient was 
operated upon eight weeks after the accident, at which time the distal inch of the clavicle 
was removed (Fig. 2-A). The patient returned to his work in a shoe store at the end 
of three weeks. Two months after the operation he was doing work of a heavy type, 
collecting cans of milk along a country route. The end results were full function of the 
shoulder and absence of pain (Fig. 2-B). 



Fig. 2-B 

Case 2. C. F. Photograph showing 
function at the end of six weeks follow- 
ing operation. 
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Fig. 3-A 


ui eeks lollowing operation. 


Fig. 3-B 
Case 3. R. G. Photograph siiow- 


^ V.4. A IIULU^ 

ing postopei-ative scar. 


The diagnosis of dislocation his right shoulder playing football, 

genogranis. The shoulder n-nc i . ^ Jomt 'vas confirmed by loeiit- 

An operation was performed ^ weeks without relief of the symptoms, 

of the clavicie wL 'em2t the distal inch 

end of two weeks. At the P‘‘’'t*oot returned to work on a delivery truck at the 

Plete function of the shouIdeT^Fi'gs 3“ ITd^ls) '' ''' symptoms, and had corn- 

heavy hammer He' h thii-ty , had his left shoulder injured by the fall of a 

painful, and motinn ^ for two days, at which time the shoulder became 

showed a shs-lit disni. ^ nbout 50 per cent. Roentgenographic e.\’aminatiun 

joint became swoll *0 the acromioclavicular articulation. The aiea over the 

patient was irantc,^ i "ith evidence of an acute inflammatory condition. Tlie 

inflammatorv months without relief of pain, although the 

half-inch of the el * 1 ™ subsided. Two months following the accident the distal 
symptoms qnd r ^ omoved. The patient made an uneventful recovery without 
^ f«»ctiou five weeks after the operation. 

photooT shows the amount of the clavicle removed. The 

three of t^ ^ of motion in the shoulder after operation in 

of who P^t^onts operated upon. Three of the patients were men, all 
was an ^1 returned to hard work and are free of symptoms. One 
the le.s^ whose joint showed proliferated arthritic changes, 

nlete • several years' duration. This patient also had a com- 

10 urn of function in the shoulder without pain. 

T p J. T. . An Operation for the Relief of Acromio-Clavicular Lu.xatioii.'-. 

• «one and Joint Surg. VII, 790, Oct. 1925, 

on "Th m^**'*”^ paper has been in the Editor's hands, the paper by Fraser B. Gurd 
Hith ri ^ Complete Dislocation of the Outer End of the Clavicle. An 

pyrjr ° ” escribed Operation” has been published in Aiinak of Surgery (Volume 

•*i ’ P^Se 1094, June 1941). This article by Dr. Mumford was therefore prepared 

without any knowledge of Dr. Gurd's vrork.-Edi(or. 
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ONE-PIECE ANGLE NAIL FOR TROCHANTERIC 
FRACTURES 


BY EUGKNK L. JEWETT, M.D., OULANDO, FLOBIDA 

During the past two years the author has used a Smith-Petersen 
nail in combination with a flanged plate for five patients with pertro- 
chanteric and intertrochanteric fractures of the femur. The histories of 
these five patients follow, with illustrations of four. 

CasC 1. A woman, seventy-seven years old, sustained an intertrochanteric fracture 
of the left hip with a detached and displaced lesser trochanter. Figure 1-A shows the 
fracture a few hours after trauma. This patient was operated upon, and a Smith-Petersen 
nail and flanged plate were used. The lesser trochanter was anchored to the shaft by 
means of a long screw. The fragment could not be brought back absolutely to its original 
site, but the position was improved by the fi.\'ation, and it united to the shaft in a very 
satisfactory manner. Seven and one-half months after operation the woman walked 
with practically normal motion of the hip joint and only a little limp. Fifteen months 
after the operation (Fig. 1-B) she was getting about and doing things with no limp or 
pain. She says that this leg feels stronger than the uninjured one, and she can walk up 
and down stairs quite satisfactorily. 

Case 2. A woman, seventy-one years old, sustained an intertrochanteric fracture 
with partial separation of the lesser trochanteric region. Figure 2- A shows the fracture 
immediately after the accident. She was operated upon, and a Smith-Petersen nail, 



Fig. 1-A 

Case 1. December 28, 1939, preoperative roentgenogram. 
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combined with a flanged plate, was used. Fourteen months after trauma she had 
absolutely no complaints or disability referable to her injured leg (Fig. 2-B). 

Case 3. Ten years before she was seen by the author, this sixty-year-old woman 
had received a clinical and roentgenographic diagnosis of a probable malignancy with a 
resulting pathological fracture of the femur. Figure 3- A, taken ten years after fracture, 
shows the bone rarefied through disuse, marked coxa vara from contractm-e of the soft 



Fig. 1-B 

Casel. March 13, 1941, one yearand 
three months following operation. 


tissues between the ilium and the pro.ximal 
fragment, and an ununited fracture. Figure 
3-B shows the long screw and flanged plate 
in place. The bone was so decalcified that 
there was danger a Smith-Petersen nail 
would split it or pull loose too easily; theie- 
fore, a long screw was used instead. Eight- 
een months postoperatively she had a 
perfectly solid union, with very good painless 
use of the leg. She has two inches of 
shortening, which is compensated for by a 
raised shoe. No attempt was made to cor- 
rect the contracture of the gluteal and other 
supratrochanteric soft structuies, as a ten- 
year interval results in too much contracture 
to be relieved except by a great deal of 
surgery, which was not indicated m this 
patient. 

Case 4. A woman, seventy-five yeais 
old, had an intertrochanteric fracture with 
quite a bit of comminution around the 
fracture site. She ivos operated upon a few 
hours after trauma, and a Smith-Peter- 
sen nail and flanged plate were used. 
Figure 4-A shows the immediately preopera- 



Fig. 2-A 

Case 2. January 15, 1940, pre- 
operative roentgenogram. 




Fig. 2-B 


Case 2. March 20, 19- 
two months following 

the jounxAi. or bo.ve a-Vd JOi.vt .niiotav 


fl, one year 

operation. 
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Fig. 3-A 

Case 3. October 5, 1939, preoperative 
roentgenogram. 



Fig. 3-B 

Case 3. November 15, 1940, 
thirteen months following operation. 


tive condition. Figure 4-B shows the roentgenographic result four months after trauma, 
at which time she was getting about fairly well with almost complete weight-bearing. 
Twelve months postoperatively (Fig. 4-C) she was walking about with practically no limp, 
no disability, and no pain whatsoever, e.TCept slight tiiinges during damp or cold spells. 

Case 5. A seventy-six-year-old woman sustained a trochanteric fracture with 
separation of the lesser trochanter. The Smith-Petersen nail and Hawley bone plate 
were used. The lesser trochanter was anchored by means of a screw. Three weeks 
after the operation the patient was up and about with crutches, and was rapidly obtaining 
excellent painless motion of that joint. Latest reports from her reveal that she is walking 
with a solid limb without the use of crutches or a cane, and with only slight limitation 
of motion and a little pain on certain movements. To all intents and purposes, she has a 
good result, especially since she is now about seventy-eight years old. 

The.se patients were all operated upon under fifty or sixty milli- 
grams of avertin per kilogram of body weight. In five of the cases, either 
gds-oxygen or ethylene .supplementary anaesthesia was used, and in one 
case local infiltrated novocain was employed. The author does not use 
barbiturates or opiates preoperatively with avertin. Of course, atropine 
is indicated with any inhalation anaesthesia. The trauma necessary 
to operating on these elderly people is reduced to the lowest minimum, 
and a thorough medical check-up is undertaken in each case. Forced 
carbohj'^drate feeding for a couple of days before operation is strongly 
advocated, and any noticeable anaemia should be corrected either by 
medication or blood transfusion. 

There was no postoperative cast applied, and no retentive apparatus of 
any type used, except occasionally sandbags placed along the limb for a 
da3" or two. The patient was put in Fowler’s position as soon as possible, 
was turned from side to side at least twice a day, and was enconraged to 
take deep-breathing exercises and move about as much as pos.sible. She 
was allowed out of bed when the sutures were out (on the ninth day), 
and encouraged to walk with crutches after two or three weeks, if such 
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Fig. 5 

One-piece liip angle nail. 

was deemed safe. Full weight-bearing was allowed only when roent- 
genograms showed that there was absolutely solid union. 

These jaatients have all done well, though it was felt that there were 
several unsatisfactory features about the procedure. First, there was no 
way that rotation of the flange on the Smith-Petersen nail could be pre- 
vented e.xcept by the friction between the rim of the nail, the socket of the 
flange, and the head of the screw. AVere the screw to become the least 
bit loose there would be practical!}'’ nothing to prevent rotation of the 
flange on the pin. Second, the screws in the flange were all in the same 
line, and there was not enough force there to prevent slight rotation or 
movement of the femur on the flange. Third, e.xcessive metal protruded 
above the bone where the flange capped the Smith-Petersen pin. This 
feature has been somewhat eliminated in the much lighter and thinner 
flange manufactured by another company, but this apparatus still retains 
the other undesirable features outlined above. In one patient the author 
had a great deal of difficulty in .screwing the flange to the nail because 
the Smith-Petersen pin was not driven in at quite the correct angle. It 
had to be withdrawn and redriven, so that the coaptation screw could be 
put in with the flange lying along the bone and still capping the Smith- 
Petersen pin at the correct angle. 

AVith the idea of correcting the above features the author devised the 
one-piece flanged nail, which is merely a one-piece combination of the 
Smith-Petersen nail and a Hawley-type bone plate, but which greatly 
facilitates the technique of operation. This one-piece combination has 
been used in two cases with, so far, excellent results. However, these 
cases have been of such short duration that they are not being reported 
at present. 

Figure 5 depicts fairly clearly the construction of the nail which may 
be made of vitallium or stainless steel. The flange is curved, so as to fit 
the surface of the femur, and permit the screws to slant toward each other 
when they enter the bone. This leads to much firmer anchorage than if 
they were parallel, and is especially true when the screws transfix both 
cortices of the bone, as they should always do. It may be that firm 
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fixation woulrJ ho 
P>i.sw ,vUho„. 

of coin- “SW feature, 

of couise, It would be nuidi easier to 

maert aad attach the apparatus bid 

M anchorage would have to be *”0" 

■ lil ■ thlTth tt'- Wicves 

llni “>e Hawley angle feature insures 

■M I SI eater stability, which in these frac- 

" f but if there is any 

<;-VC\ in marking a long enough 

f A gioove in the femoral shaft to ac- 
the under arm of the 
,^”Se, this flange can be greatly 

L ^bortened and still give enough sta- 

p A i'® obtain the desired immobi- 

Qjj . ^iG. 6 hzation (Fig. 6).* 

flange. "'ith short In using this nail there is nothing 

out of the ordinary to be recom- 

method for driving in the nail ^Perator may use any 

IS reduced by traction and me' ■ T ^^thor s technique, the fracture 
and then the patient is nnm- ^I^nn, confirmed by roentgenograms, 
used as guides with a m ^ Steinmann wire pins are 

over the eoSeit^ lirr nail is then threaded 

of the T-flange t eii ^be slot for the under arm 

ioned by means of d hnf ' '"f ^ ^'^hough it can be fash- 

iatter instance how^ ^ thin-bladed osteotome. In the 

The nail must bp dr" '^'" oaie must be taken not to fracture the bone, 
femoral shaft It nath the flange plate kept parallel with the 

is desirable in sttpI. r ^ake a great deal of difference whether, as 

center of the npph f Smith-Petersen nail were directly in the 

angle made bv .1,! TA'' ^bi'oughout its course or not. The average 
flanged-nail imir shaft is 120 degrees, and with the separate 

necks of differenr several different angles made, so as to apply to 

single-unit flann. ' However, bj'^ keeping the flanged arm of this 

even thoimh H- f parallel with the .shaft, the nail can be driven in, 
case In th + oes not go directly down the center of the neck in each 

and dor.; the pin is merehv a stabilizing arm 

fine is pvoxin^eTfnlT^l the fracture site, except where thefi-acturc 

to keen i "• 7 , lower intertrochanteric ridge. Where it is desired 

* Since liable stock of these nails on hand at all times, it would 

three additional shorter-flanged one-piece nail lias been ibcd on 

ones. The groove c<in ha has been found to be much better than tlie long, full-leiigtli 
necessitate the use of a ^ Arifl holes and an osteoton7e, and doev not 


THE JOL'RX.AI, OF BOXE A.VD JOI.VT .nCIiCEltV 



TROCHANTERIC FRACTURES 


809 


be a simple matter to have them made 
up with different angles. 

Another problem which has puz- 
zled the author has been what to do 
with the detached loose lesser tro- 
chanteric fragment. The general 
practice has been to ignore this con- 
dition, and the author can find no 
mention in the literature of any at- 
tempts to anchor it. We are all 
familiar with the pain associated with 
movement of the hip joint, ivhere 
such a fracture is present. The ilio- 
psoas muscle, which inserts into the 
lesser trochanter, and the pectineus, 
which along with the iliacus inserts 
a little below the lesser trochanter, 
tend to displace this fragment upward 
during movement or contraction. 

Pain ordinarily persists for several 
weeks, during which time not onlj'’ is 
hip motion painful, but the lesser 
trochanter maj'- be pulled quite a distance proximally from its original site. 
Many times an excessive callus weld is thrown out because of this migra- 
tion and more or less constant irritation, even though the fragment seldom 
fails to unite. The excessive weld of callus often impairs the painless 
full range of motion of the joint. With this problem in mind the author 
began to anchor this fragment to the femur with a screw (Fig. 7), and 
found it was a comparatively easy thing to accomplish during any surgical 
fixation for the neck or pertrochanteric region. The fingers can be placed 
around anterior to the bone, and the lesser trochanter can be easily pulled 
into place without any danger to the overl 3 dng blood vessels or nerves. 
In son'ie cases the entire procedure can be done under full subperiosteal 
e.xposure. With this fragment anchored in place, the patient can move 
about and sit up in bed with very little pain a day or two after the opera- 
tion. This is a sound procedure and certainly does not add much trauma 
to anj'- operation on the upper end of the femur or neck. 

Case 6. A seventy-eight-year-old woman suffered an intertrochanteric fracture of 
the left hip with complete detachment of the lesser trochanter. Figure 7, taken sLv 
weeks following the operation, shows this patient with the author’s one-piece flanged nail 
in place. The lesser trochanter had first been fixed to the shaft by an extra screw. She 
has had a remarkedly easy time of it so far. She has been up in a chair since one week 
after the operation, and has been able to move her leg fairly easily since the second day. 
After this roentgenogram (Fig. 7) was taken, she was allowed to begin gradual weight- 
bearing, with the help of nurses, of course. She absolutely refuses to use crutches. 
She has almost complete painless range of motion of the hip with only a little tenderness 
about the fracture site, and still some atrophy of the leg. 



Fig. 7 

Showing (a) the one-piece hip angle 
nail in place, and (b) the separate fixa- 
tioil of the lesser trochanteric fragment. 
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It is too early to report the end result of this case; it is presented 
merely to show the one-piece flanged nail in use, and the separate fixation 
of the lesser trochanteric fragment. 

SUMM.\RY 

The use of both the Smith-Petersen nail and the Hawle}'^ bone plate 
has given good results in five patients. The difficulties encountered in 
their combined use have been greath’’ lessened by welding them together 
into a one-piece flanged nail. Shortening the flange has still further 
simplified the use of the one-piece flanged nail. 

The advantages of anchoring the “floating” lesser trochanter to its 
bed b5" screw fi.xation are definite and warrant the slight added operative 
time and trauma. 
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BONE TUBERCULOSIS IN NORTHERN NEWFOUNDLAND 


BY CHARLES S. CURTIS, M.D., F.A.C.S., AND EVARTS G. LOOMIS, M.D., 

ST. ANTHONY, NEWFOUNDLAND 

From the I ntcniational Grenfell Association Hospital, St. Anthony 

Tuberculosis is the most common cause of death among the people of 
Newfoundland and southern Labrador. In this Hospital of 100 beds there 
were 8,778 admissions in the fifteen years from January 1923 to December 
1937, 10.11 per cent, of which were for tuberculosis. (See Table I.) Of 
the total admissions, 3.05 per cent, were for bone tuberculosis. 

The people treated are chiefly fishermen of British ancestry. The 
climate is cold and damp with much foggy weather. The standard of 
living is low among the fishermen. For six to eight months of the year 
many of the people live entirely on white bread and tea, with perhaps a 
small amount of butter and a few potatoes. Beriberi is still very common 
in many sections. This survey includes three Labrador Eskimos. 

It is hoped that, in the future, studies can be made as to the relative 
prevalence of the bovine or human bacilli in the cases of bone tuberculosis. 
It can only be said that pulmonary tuberculosis is very common in 
Newfoundland, and that a large percentage of cattle are thought to be in- 
fected with bovine tuberculosis. 

The care of these patients has been chiefly under the direction of the 
senior author, although several visiting surgeons, including Dr. J. T. Rugh 
of Philadelphia and Dr. Arthur Krida of New York, treated some of 
them during a summer visit of a month or more at St. Anthony. 

During the fifteen years of this study, 175 patients were admitted 
to the Hospital 268 times with bone tuberculosis. Last year an attempt 
was made to reexamine the patients within reach, and a form letter was 
sent to the remainder. Follow-up examinations or letters made possible 
the securing of information from 157 of these patients, or 89.7 per cent. 
The average follow-up period was eight and nine-tenths years. 

In analyzing the results of treatment, the patient’s condition will be 
referred to as excellent, if he is able to do hard manual labor; as good, if he 
can do light work; as fair, if he uses a crutch or other type of support; and 
as poor, if he is bedridden. In the case of multiple bone lesions, the pa- 
tient is classified only under the first joint for which he received treatment. 

As has so often been emphasized, bone tuberculosis is not a specific 
disease of a particular part of the skeleton, but is a local manifestation 
which has had its source elsewhere, and which is frequently accompanied 
by tuberculosis of another organ. For this reason, the case summaries 
will be divided into two groups : those that have no other clinical evidence 
of tuberculosis, and those that have other tuberculous foci in the lungs, 
genito-urinary tract, peritoneum, other bones, or elsewhere. Any patient 
who has had a history of other tuberculous foci, even though apparently 
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TABLE I 


Admissions for All Forms of Tuberculosis prom January 1, 1923 
TO December 31, 1937 


Location of Lesion 

No. of Cases 

Percentage 
of Total 
Admissions * 

Percentage of 
Admissions for 
Tuberculosis 

Lungs 

473 


5,39 

53.2 

Bone 

268 


3.05 

30.2 

Peritoneum 

38 


0.43 

4.3 

Testicle 

30 


0.34 

3.4 

Lymph glands 

24 


0.27 

2.7 

Meninges 

23 


0.26 

2.6 

Kidney 

16 


0 18 

1.8 

Tubes and ovaries 

6 


0.07 

0.7 

Skin 

5 


0.06 

0 6 

Appendix 

1^ 



0.1 

Intestines (unclassified as to type) 

1 



0 1 

Sclera of eye 

1 


0.06 

0.1 

Breast 

1 

1 


0.1 

Mesentery 

1 



0.1 

Total 

888 

10.11 



* Total admissions for the period were 8,778. 


healed at the present time, will be included in the second group. ^ The au- 
thors feel, that while there may be no clinical evidence of activity in t le 
former seat of disease, one can never be sure that an old smouldeung 
tuberculous focus will not flare up and cause death from meningitis or 
pulmonary disease. This tvas strildngly exemplified recently in the case 
of a forty-six-year-old man, who had a tuberculous hip twenty-one 
ago, and who died quite suddenly of tuberculous meningitis. He la ec 
an active life mth an ankylosed hip for many years. Only two mont is ^ 
fore his death he had a thorough examination, including a luina ysis, 
roentgenograms of the chest, ivhich showed no evidence of tii eicii ^ 
This Hospital has a limited staff, and, at times, limited faci i 
that complete work-ups and roentgenograms, particulaily of t le 
kidneys, were not done in all cases. However, great caie has 
in classifying the patients into the groups with and without u 
foci. History, physical examination, and sputum and unne 
tions have been evaluated when roentgenograms weie no ai 
Roentgenograms have confirmed all but three of the joint esi 
patients were felt to present a clear clinical picture of bone u 


TUBERCULOSIS OF THE SPINE 

This series includes seventy-eight cases of tubeiculobi.-? o 
an incidence of 49.7 per cent, of the joints involvec in le , 

followed. (See Table II.)'; ^The vertebra most frequent y 
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TABLE II 


Relvtivd FncQUENCY or JoiNis Involved in itie Patienis Followed 


Location of Oiigmal Bone Lesion 

Numbei of Cases 

Pei cell tage of Total 
Bone Tubei culosis 

Spine 

78 

49 7 

Hip 

26 

16 5 

Knee 

24 

15 3 

Foot and ankle 

17 

10 8 

Shouldei 

5 

3 2 

Elbow 

3 

1 9 

IVl 1st 

2 

1 3 

Sacio-iliac 

2 

1 3 

Total 

157 

100 0 


the twelfth thoracic, with the fourth and fifth lumbar vertebrae close 
seconds. Those patients having involvement of the lower thoracic and 
lumbar regions showed the best response to treatment. Patients with 
upper thoracic and cervical lesions responded less favorably. 

It has been the general policy to operate on all patients who are not 
too poor risks, as this Hospital is small and a rapid turn-over of patients is 
essential. The patients receiving non-operative therapy include those 
who were judged poor operative risks, those with sinuses or paralyses, 
and those refusing operation. The usual routine has been operation after 
a varying period of from one month to two years’ observation. By far the 
greater number were operated upon within one or two months of admis- 
sion. The Albee procedure was followed in all but two patients, in whom 
the Hibbs operation was performed Before operation the patient had 
anterior and posterior plaster shells prepared, in which he was immo- 
bilized for three months postoperatively. The patient was then fitted 
with a brace which he was instructed to wear for a year at home. 

Those in the non-operative group were treated by Bradford or 
Pyrford frames, casts, and braces A few refused all treatment The re- 
sults are tabulated in Table IV. It may be seen that 82.4 per cent, of the 
patients with no other clinical focus of tuberculosis stand a chance of lead- 
ing a useful life after operation, following as short a time as four months of 
hospitalization. If, however, they have or have had other foci of tuber- 
culosis, operation has nothing to offer. In the small series of patients 
falling within this group, those having operation did no better than those 
treated conservatively, when it is realized that the patients who were 
operated upon, ivere considered the better risks. The mortality in all 
patients ivith tuberculosis of the spine w'as 35.9 per cent. The mortality 
in patients who ivere operated upon and who had no other foci, ivas 8 8 
per cent. Three patients with tuberculosis of the spine and no other foci, 
who have since died, have not been included in our mortality figures. 
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TABLE III 

Summary of Cases Showing Percentage of Mortality Following 
Operative and Non-Operative Treatjient 


Location of 
Original 
Bone Lesion 


Entire series 

Patients 

Deaths 

Mortality per cent. . 
Spine 

Patients 

Deaths 

Mortality per cent. . . 
Hip 

Patients 

Deaths 

Mortality per cent. . . 
Knee 

Patients 

Deaths 

Mortality per cent. . . 
Foot and ankle 

Patients 

Deaths 

Mortality per cent. . . 
Upper extremities 

Patients 

Deaths 

Mortality per cent. . 
Sacro-iliac 

Patients 

Deaths 

Mortality per cent. . . 


Operative Group Non-Operative Group 

N umb er - — ■ 

of No Other Other No Other Other 

Patients Tuberculous Tuberculous Tuberculous Tuberculous 
Foci Present Foci Present Foci Present Foci Present 


157 
45 
28 7 


icy were in excellent health and lived noima iv unrelated to 

elve years after operation, and died from j^l^ar pneu- 

eir tuberculous disease, one from g receiving non- 

.„i.. and one in childbirth. The 
lerative treatment was 30.8 per cent. 

th others reported in the literature. naralvses, sLx, or S5.7 pe'" 

cjo^rpit naticilts With p ^ J _ w'ith 


h others reportea m ^^^nlv^ps sLx, or 

This series includes seven patients wi P ‘ , conservatively "'itli 
it., of whom had no other foci. Four -- 

3 death from pulmonary tubeiculosis. rgcoicrj 

ralyzed, one during recovery while s i sp . goo • 

motion. Of these, two had excellen^ 

Three patients had a second Albee op cjunoi-io' 
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TABLE IV 

REbULlb roll PATIDNTb WITH TuBEUCULOblS OF THC SpiNE 


Re''Ult 

i 

No Othei Tubeieiilous 

Foci PiCfeent 

Other Known Tubeiculous 
Foci 

Opeiiitive j 

Non-Opeiative 

Opeiative 

Non-Opeiative 

No. 

Pei 

Cent 

No. 

Pei 

Cent 

No 

Pei 

Cent 

No 

Per 

Cent 

Excellent 

20 

5S 8 

5 

38 4 

4 

18 2 

1 

11 1 

Good 

S 

23 6 

2 

15 4 

2 

9 1 

0 

0 0 

Fan 

2 

5 9 

1 

7 7 

1 

4 5 

1 

11 1 

Pool 

1 

2 9 

1 

7 7 

1 

4 5 

0 

0 0 

Dead 

3 

8 8 


30 8 

14 

63 7 


77 8 

Total 

34 

100 0 

13 

100 0 

22 

100 0 

9 j 

100 0 


disease. Two of these, with other tuberculous foci, died. In three patients 
infection developed postoperatively, in two of whom the grafts sloughed. 
The first reports his condition as excellent, the other two as good, though 
one still has a sinus with intermittent drainage (six years postoperatively). 

In the recent symposium on spinal tuberculosis,’ attention was drawn 
to persistent abscesses and their relation to lack of clinical improvement. 
In this series, 55 per cent, of the patients showed clinically or by roentgen- 
ograms the presence of abscesses. The mortality in this group was 23 per 
cent., and in the group without abscesses and without other tuberculous 
foci, 15 per cent. Although this would tend to show a poor prognosis in 
this group, the records and roentgenographic reports are not complete 
enough to draw further conclusions. 

Four patients with draining sinuses received operative treatment, one 
with excellent, two with good, and one with fair result. One of these still 
has a draining sinus, six years postoperatively. Two patients treated con- 
servatively are both living, one with a good and the other with a fair re- 
.sult. In the group with other tuberculous foci and sinuses, there were 
five patients, only one of whom was treated operatively. All hai'e since 
died. In two patients sinuses developed after leaving the Hospital. One 
of these patients was operated upon. 

Ten children under twelve years of age have been treated, all of whom 
had no other tuberculous foci. Six were treated operatively and four con- 
servatively, with one death in each group. The death after operative 
treatment was from lobar pneumonia twelve years later. The child had 
previously been in perfect health. The other death was from tuberculous 
pneumonia. The youngest child treated operatively was aged three. 
The result was excellent three years later. This series is too small to 
draw conclusions concerning the preferability of operative or conserva- 
tive therapy in children. 
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TUBERCULOSIS OF THE SACRO-ILIAC JOINT 

Of the two patients with tuberculosis of this joint, one had other foci 
and died, the other was treated conservatively with a cast for seven months 
and then with a brace. Now, six years later, he is in excellent health. 

TUBERCULOSIS OP THE HIP 

The hip was found to be the second most common location of bone 
tubeiculosis, occurring twenty-six times in this series. Thirteen opera- 
tions were performed on eleven patients. An extra-articular fusion was 
performed eleven times, — six patients had tibial grafts, and five, a bone 
flap from the outer table of the ilium to the trochanter. The Chandler 
operation was performed twice. Two of the patients who had had a 
fusion with a graft from the tibia needed a secondary operation, because of 
non-union of one end of the graft. There were two deaths in this group, 
both occurring several years after operation and in patients with other 
tuberculous foci. All other patients who were operated upon had excel- 
lent or good results. All patients who received operative treatment re- 
port stiff joints. In the group who were not operated upon, six report 
stiff joints, three report motion in their hips, and one failed to report. 

One of the patients operated upon had sinuses. Five patients 
with sinuses were treated conservatively. One patient in each group de- 
veloped sinuses following discharge from the Hospital. In the three 
patients with sinuses and no other foci, the results were favorable. 

Of the six children receiving treatment three, aged eight, ten, and 
eleven, had a stabilization operation, with two excellent results and one 
good. Another child was treated conservatively in a spica for three 
years, then discharged, returning ten years later for operation. Now, six 
years after operation, she has a good ankylosis, is able to work, but is still 
annoyed by a persistent draining sinus. Two children received conserva- 
tive treatment with one excellent result and one fair. The latter has pei- 
SLstent pain in his hip and is anticipating an operation shortly. 

TUBERCULOSIS OF THE KNEE 

There were twenty-four cases of tuberculosis of the knee, making this 
the third most frequent site of involvement. Ten patients received opeia 
tive treatment. In nine a resection of the knee joint, as advocated } 
Henderson, was performed. One had an amputation because of the e.x 
tent of involvement of the knee joint. Another had an amputation . ix 
months after operation, because of non-union and increased activity o t ic 
disease. Of the seven patients who had a resection, but no othei tii 
culous foci, three report their results as excellent, two as good, and 
poor. From correspondence mth the seventh patient, it would seem 
renal tuberculosis had developed. Those patients with 
tuberculosis of the knee, treated by resection, averaged only fom un 

one-half months’ ho.spitalization. ithout 

Among the patients not operated upon, there were ten I'l 
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and four with, other tuberculous foci, with a single death in each group. 
Of the former, three report excellent results, two good, and one poor. 
Taking the group as a whole, 54 per cent, are now in excellent health, 
which makes this the most favorable joint for treatment. 

Three patients with sinuses were treated conservatively with good 
results. 

Five children were treated conservatively with no deaths. Three 
report their condition as excellent with stiff knees; one as good with partial 
restriction of movement; and one as fair with no ankylosis. Roentgeno- 
grams in all these cases reveal joint involvement. While this group is 
very small, the results are quite different from those of McKeever, who 
reports no satisfactory results with conservative treatment in forty-six 
out of forty-seven children. However, these results with conservative 
treatment still fall short of McKeever’s results following operation. 

TUBERCULOSIS OF THE ANKLE AND FOOT 

Seventeen patients were treated in this group. Eight received opera- 
tions and nine were treated non-operatively. Six patients had a Syme 
amputation of the leg, and two had an arthrodesis of the anlde. The 
authors have had excellent results with the Syme operation, which was 
first described by Sir James Syme of Edinburgh in 1843, and used by him 
as a substitute for higher amputation of the leg in tuberculosis involving 
the anlde joint. The Syme operation was gradually forgotten, but after 
the World War I attention was again called to this excellent operation by 
Wilson. All patients with no other tuberculous foci, who had a Syme 
amputation, are living. These cases were in adults who are carrying on 
very strenuous lives, — fishing, and dog driving. Three operations were 
done over fifteen years ago. Four patients with sinuses were operated upon 
(Syme amputation), and three were treated conservatively. The sinuses 
have all healed and patients report their condition as excellent. 

Five children wth this condition were treated conservatively with 
casts or heliotherapy and all are well. 

TUBERCULOSIS OF THE UPPER EXTREMITIES 

There were five cases of tuberculosis of the shoulder, three of the 
elbow, and two of the wrist. Of these ten cases, eight were uncompli- 
cated, and two patients had other tuberculous foci. Involvement of the 
shoulder seemed to occur more frequently in cases of multiple bone foci 
than of the other joints. Tuberculosis of the hip later developed in one 
patient, tuberculosis of both elbows in another, and tuberculosis of the 
spine and shoulder in a third, who was listed under tuberculosis of the hip. 
All of this group, except one, were treated conservatively with braces, 
collar slings, casts, etc. This one patient had an amputation of the lower 
forearm for tuberculosis of the wrist. There were two deaths in this 
group, neither of whom had other tuberculous foci. The patient who had 
the amputation died thirteen years later of pulmonary tuberculosis. 
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COMMENTS 

From these results the futility of operating upon patients with other 
tuberculous foci is evident. The authors feel that all patients with bone 
tuberculosis should have roentgenograms made of the chest, and, where 
symptoms or urine suggest renal tuberculosis, a thorough urological e-vani- 
inatiou. It would seem that in a general Hospital, such as this, conserva- 
tive treatment, especially in cases of spinal and hip tuberculosis, cannot be 
carried out properly, as much of the care of these patients is delegated to 
general duty nurses and hospital aides, who have neither the background 
nor the time required for proper handling of orthopaedic cases. As has 
been previously mentioned, the time of hospitalization is another factor 
that has to be considered. If a patient can receive operative treatment 
and be out of the hospital in three to six months, rather than after several 
years, such treatment wmuld seem preferable from the viewpoints of 
both the hospital and the patient. 

In tuberculosis of the hip, the best results have been obtained by 
an arthrodesis employing the bone flap from the ilium. In this small 
series none of the patients needed a second operation for non-union. The 
chances of infection are less with one incision than with two. This opera- 
- tion has been equally satisfactory in adults and children. 

In tuberculosis of the knee, the Henderson type of resection has been 
found to give very satisfactory results in adults. The authors have had 
no experience with operative treatment in children. 

In tuberculosis of the ankle in adults, the Syme operation is an ideal 
form of treatment, and may be classified as a conservative operation, 
eliminating as it does the focus of the disease, and giving an^ excellent 
functional result. In children conservative treatment is indicated. 

In all twenty-seven children, twelve years and under, there was one 
death related to the patient’s tuberculosis. It is a significant fact that at 
the time of treatment only one of these children had clinical evidence o 
other forms of tuberculous disease. This would seem the most like y 

reason for the good prognosis in children. 

The authors have not found that the presence of tuberculous suuises 

has in any way altered the patients’ prognoses. 


1 . 


3. 


4. 


5. 


REFERENCES 

Hexdersox, M. S., .rxD Fortix, H. J.: Tuberculosis of the Knee .Joint in th 
J. Bone and .Joint Surg., IX, 700, Oct. 1927. . 

McKeever, F. : Tuberculosis of the Knee in Infancy and Childhoo 

Assn., CXIII, 1293, 1939. , initial 

SwETT, P. P.; BExxEvr, G. E.; -axd Street, D- ^ ® ^ea.e-Jl^ 
Lesion, the Relative Infrequency of Extenbion by Contiguitj , le - Ynn-Ooerativc 
of Healing, the Role of the Abscess, and the Merits of Operative an 
Treatment. J. Bone and Joint Surg., XXII, 878, July 1940. yioniUy 

SvME, J.\.ME.s: Amputation at the Ankle-Joint. London an - a o 

J. Med. Science, XXVI, 93, 1843. ^ • . r 711 1921. 

Wilson', P. D.; The Syme Amputation. Surg. Clin. Xo. Amenc:, , - 

the jourxal of hoxi; axd Joi.sr ■-'> « 



THE SHELF OPERATION FOR CONGENITAL DISLOCATION 

OF THE HIP 


A New Technique for the Old Irreducible Dislocation * 

BY LEO S. LUCAS, M.D., PORTLAND, OREGON 

In the old dislocated hip with defective acetabulum, the shelf opera- 
tion provides the best method of obtaining stability. This is especially 
true when the hip can be reduced into the primary socket. Great diffi- 
culty has been experienced in the construction of a suitable shelf in the 
high dislocations, when the acetabulum is obliterated and the upward dis- 
location is so great that restoration of the head of the femur to the primary 
socket cannot be obtained. It is the purpose of this paper to present an 
operative technique for this type of dislocation, which the writer has found 
meets the requirements for producing a stable, workable hip joint. 

The important factors to be considered in the production of such a 
shelf are: 

1. A heavy, wide ledge of bone which fully covers, and extends well 
in front of and behind, the head of the femur. 

2. A downward sloping ledge of bone which retains its blood supply. 

3. A suitable bed which will allow the head of the femur to mold a 
deep, stable socket, and which will function on the order of the original 
acetabulum. 

When a patient is considered a proper subject for the shelf operation, 
skeletal traction is applied for a period of from two to three weeks in order 
to relax the ligaments and muscles, and to gain as much length as possible. 

OPERATIVE TECHNIQUE 

First Stage 

The patient is placed on the operating table face down and the surgi- 
cal field is prepared over the posterior ilium opposite the side of the disloca- 
tion. A curved incision is made conforming to the crest of the ilium. A 
large wedge of bone is removed, beginning well up at the crest, and cut deep 
to the inner table of bone, measuring about two and one-half inches in 
length and two inches in width (Fig. 1). This can be trimmed to suit 
when ready for placement beneath the roof in the second stage of the 
operation. The incision is closed and dressings are applied. 

Second Stage 

The patient is turned on his back, and the hip is prepared. The leg 
and thigh are draped so that the leg can be moved freely without the 
danger of contaminating the operative field. 

* Read at the Meeting of the North Pacific Orthopaedic Society, Portland, Oregon, 
November 23, 1940. 
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Supporting wedge is taken from the posterior ilium in the first stage of the 
operation. 

A Sniith-Petersen incision is made beginning well back on the ilium. 
The gluteal muscles and periosteum are freed downward. The rectus 
femoris and sartorius attachments are pushed upward and I'etractecl well 
out of the field. The superior attachment of the capsule is displacec 
downward with the periosteal elevator to the rim of the primary acetabu- 
lum. The capsule is trimmed of its excess bulk (Fig. 2). The leg an 
thigh are flexed to 90 degrees and adducted, in order to displace the hear 
downward and backward. This provides a good view of the opeiati\e 
field above the capsular attachment. With a sharp osteotome a bone ap 
is outlined (Fig. 3} and cut deep to the inner table; the lower cut is paia 
to the upper edge of the old acetabulum and about two and one-half inc ie» 
in diameter, and the vertical cuts extend upward for a distance o rom 
three to three and one-half inches. With a curved chisel the flap is le^ 
freed at the lower border from the inner table of bone, and the c use 
dri\^en upward until the flap is free to the upper extremity of 
cuts. The flap is teased outward and the wedge from the posteuoi i 
is trimmed to suit and inserted beneath the flap with the t 
directed downward (Fig. 4). Then by lowering the leg an 
head is carefully eased beneath the flap (Fig. 5). The inciaion 

and a hip-spica cast is applied vfith the leg slightly abducted. ^ m 

cast remains on for a period of twelve wmeks. A shoit 
applied, and weight-bearing is permitted for one month in t ie 
Nine patients have been operated upon in this manner o\ er a 
two years. Eight are now walking without support an m ^ 

THE JOURNAL OF HONE AND JOINT i’tilOLl 



Following the exposure of the capsule, it is trimmed of its excess bulk. 



Fig. 3 

Primary outline of the bone flap cut deep to the inner table of bone. The thigh 
and leg are fle.xed and adducted. 
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gently elevated and the bone wedge inseited beneatli it Xote 
and leg * head of the femui , which is due to flexion and adduction of the thigh 


s a chip joints The Trendelenbuig test was absent in these eight cases, 
n one patient (Case 5) the bone flap was absorbed. This child was allow eel 
up with full ^veight-beanng in eight Aveeks. This, the author feek, was 
00 eail}^, and possibl^^ was a contributoiy factor in the failiue. In this 
patient the Trendelenburg test is still present. In tw o patients the flap 
w as paitly bioken at its base during the operation, because of a too lapicl 
elevation, but it remained Autal. 

Deep sockets ivith a heavy supporting ledge of bone have been oh- 
tmned as evidenced by the roentgenograms (Cases 1, 2, 3, and 4). Sei vke- 
a e hip excursion is pioduced early bv active physiotheiapy and ii'-e of 
the limb. 

dhe supporting wedge should be taken from the posteiior ilium near 
the eiest and deep to the inner table of bone, since a thickei giaft can he 
obtained heie. It also obviates w'eakening the ilium in fiont abo\e the 
shelf, and lessens the trauma to the primary suigical field. Pi ejection 
of the shelf laterally to the leA'el of the tiochanter is not mideyiiable A' 
excess bone rounds off and is absorbed and theie is no undue infeifcrence 
wdth abduction. 
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Fig 5 

The head of the femur is shown beneath the flap with the supporting wedge in 
place above the head. 


This operation provides an articulation which corresponds more 
closely to the primary socket, and the load on the hip muscles is decreased 
as compared to that of the shelves which depend entirel}'' on bone wedges 
extending outward from the surface of the ilium. 

The hip should be brought down, as far as possible, before the opera- 
tion by skeletal traction, in order to stretch the ligamentous and muscular 
tissues, and to gain length. Traction during the operation is not neces- 
sary, as flexion of the thigh and leg, in conjunction with deep anaesthesia, 
affords good mobilit}^ of the head and permits it to be easily displaced from 
the operative field. 

It is important that the head with its capsule be well freed, so that 
the head can be brought forward above the site of the primary acetabulum. 
The capsule in no case should be cut through in order to release the head. 
Kidner ^ has shown that the capsule may be attached to the ilium for an 
inch or more above the acetabulum. It can be separated from the ilium 
with the periosteal elevator down to the primary rim. A great deal of the 
thickened capsule should be trimmed away in order to do away with an 
excess of bulkj^ tissue. 

Many failures in other operations described aie due to not placing 
the graft firml3^ against the head of the femur. If a gap is allowed 
to exist between the head and the prepared ledge, there may be an unstable, 
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weak joint and a continuance of the positive Trendelenburg. Tliis in 
turn leads to the likelihood of redislocation of the head from beneath the 
shelf. If the shelf does not contact the head firmly, there is a greater 
tendency toward absorption of the shelf several months following tlie 
operation, because of increased excursion and constant forcible upward 
thrusts against the new bone. 

The operation described provides a wide shelf that covers tlie head 
well, and extends far enough back so that, ivhen the thigh is flexed, there is 
no possibilitj'" for the head to slip from beneath the roof. It conforms 



Case 1. February 24, 1939. Con- 
genital dislocation of the hip in a boy, 
aged thirteen. The acetabulum is ob- 
literated. 



Fig. 6-B 

Case 1. Roentgenogram taken 
March 18, 1939, shows the shelf 
the day following the opeiatioii. 
Note the length of the bone loot 
and the wedge above the head of 
the femur. 

more to the actual depth of the 
old acetabulum and ha.s an actual 


downward sloping roof which holds’ 
the head encased, so that redislocation is impossible; and above all it 
utilizes a flap of bone which has its original attachment, and consequently 


retains its blood supply and therefore is not absorbed. 

This procedure necessitates the preparation of two surgical field.s 
■with two incisions, but wdth an experienced surgical staff the operation 
can be performed quite rapidly, approximating the time required foi 
other t3^pes of shelf operations, and the procedure does not produce an) 


appreciable amount of shock. 


CASE HEPORTS 

Case 1. R. 0., a mate, aged thirteen, reported to the office on Februai j -3, 
complaining of pain, following extensive use of the limb, and gi adually increasing s 
lug. There was no history of previous treatment. Examination disclose a 
limp, noticeable bulging of the gluteal fold, and the presence of the 
Measurement revealed shortening of three inches. Roentgenograplnc 
showed marked displacement of the head of the femur without any evidence o 
ary socket (Fig. 6-A). The primary acetabulum was entirely obliterated, 
nosis of congenital dislocation of the hip was made. Skeletal traction was -‘PP y^,,-injl 
weeks; then a shelf operation was done (Fig. 6-B). After three months m 
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cast a short hip spica was used and full weight-bearing was allowed. Examination 
fifteen months following the operation disclosed three inches of shortening, a painless, 
stable hip, strong gluteal muscles, excellent hip excursion with abduction of about 20 
degrees (Figs. 6-C and 6-D). 


Fig. 6-C 

Case 1. Roentgenogram taken May 19, 1941, shows the end result of the shelf 
operation two years and two months following the operation. 


1 
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Case 2. C. H., a male, aged ten, «as 
seen in the office Februaiy 17, 1939. He had 
a congenital dislocation of the liip wliich had 
been treated by closed reduction wlieii lie was 
three years of age. Examination levealed a 
marked limp, the presence of the Tiendelen- 
burg sign, and three inches of shortening (Fig. 
7-A). He complained of some pain on exer- 
tion. On February 20, 1939, skeletal traction 
was applied, and on March 7, 1939, a shelf 
operation was done. A spica cast xias worn 
for three months, and a u'alking shoi t spica 
for one month. On September 6, 19-10, he 
had a painless, stable hip, one and one-half 
inches of shortening, flexion to 90 degiees, 
normal extension, and abduction to 25 degiees 
(Fig. 7-B). 

Case 3. C. T., a female, aged eight, had 
an unsuccessful closed reduction for a con- 
genital dislocation of the hip on December 20, 
1937. On March 12, 1939, she was admitted 
to the Shriners' Hospital for Crippled Chil- 
dren (Fig. 8-A) and traction was applied for 
two xveeks, A shelf operation was performed 
on March 27, 1939. At present the patient walks with a scarcely perceptible limp, and 
has one-half inch of shortening, a stable hip, free range of motion, and no pain (Fig. 8-11). 



Fig. 7-A 

Case 2. February 28, 1939. Con- 
genital dislocation, defective acetab- 
ulum with marked upper displacement. 



Fig. 7-B 

Case 2. Roentgenogram, May 16, 1941 , shows fu'iction F gocd. 

months following the shelf operation. The hip i= stable ai ^ 
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Case 4. I>. P., a male, aged fourteen, liad a bilateral congenital dislocation of the 

hip. An unsuccessful attempt at reduction of the hip was made on January 4, 1937. 



Fig. 8-A 

Case 3. Roentgenogram, March 10, 1939, shows congenital dislocation of 
the hip, defective acetabulum, and lateral upward luxation. 
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Fig. 9-A 

Case 4. Roentgenogram, August 25, 1939, shows bilatei 
tion of the hip, mai Led upward dislocation of the i ight hip, and >. 


Case 4. Roentgenogram, February'23, 1940, b”htj^nd fumtion are 

ig shelf operation There is free motion, and the =tabilit} ai ^ 
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A shelf operation of the left hip on March 24, 1937, resulted in stability and a fair range 
of motion. He was admitted to the Shriners’ Hospital for Crippled Children on May 13, 
193S, for treatment of the right hip, beeause of pain and instability. The conventional 
type of shelf operation was done. The shelf was later absorbed and recurrence of the lux- 
ation was noted in December 1938. On September 18, 1939, the new type of operation 
was performed, which resulted in a solid shelf and a clinically stable hip with a good range 
of motion (Figs. 9-A and 9-B). 

Case 5. M. P., a female, aged eight, was admitted to the Shriners’ Hospital for 
Crippled Children on March 15, 1938, with a congenital dislocation of the left hip. 
Closed reduction was done March 23, 1938. She was readmitted. May 25, 1939, because 
of redislocation. The head of the femur was dislocated high above the acetabulum, and 
the socket was found to be very shallow and defective. A shelf operation was performed, 
June 14, 1939, and weight-bearing was permitted in two months. The shelf was found 
to be nearly completelj' absorbed on December 29, 1939. This is the only failure in the 
series of nine cases. 

Case C. F. D., a female, aged fifteen, had been treated in the Shriners’ Hospital for 
Crippled Children for anterior poliomyelitis since 1930. Most of the work had been con- 
fined to the extremities on which various stabilizing procedures had been done. The left 
hip was defective and was displaced upward and posteriorly. A shelf operation was per- 
formed, August 16, 1939. One year following the operation the muscle pmver had im- 
proved, motion was free in all directions, roentgenograms revealed a good shelf, and 
clinically the hip was stable. 

Case 7. C. T., a female, aged eight, had a congenital dislocation of the right hip, 
for which a closed reduction was done on December 20, 1937. Examination in August 
1938, showed a redislocation with one and one-half inches of shortening. Because of 
the deficiency of the acetabular rim, a shelf operation was performed, March 27, 1939. 
The new socket formed slowly and some absorption of the shelf resulted, due to a partial 
break in the graft at its base at the time of operation. The final result was a stable hip, 
with free range of movement, one inch of shortening, and a scarcely perceptible limp. 

Case 8. E. Z., a female, aged nine, had a bilateral congenital dislocation of the hip. 
Closed reduction was performed, February 22, 1932. The left hip remained stable, but 
the right hip redislocated. A second closed reduction was done on the right hip, April 17, 
1934, following which the hip gradually luxated again. The acetabulum was very shal- 
low, and the acetabular rim defective. The girl was followed in the Out-Patient Clinic 
until June 1940, Because of two inches of shortening, marked limp, and pain, she was 
admitted for a shelf operation. When last seen, December 12, 1940, the hip was stable, 
the Trendelenburg sign was absent, there was one and one-quarter inches of shortening, 
and the hip excursion was fairly free. 

Case 9. D. R., a female, aged ten, was first seen in the Clinic of the Shriners’ 
Hospital for Crippled Children on October 20, 1931, when a diagnosis of congenital 
dislocation of the right hip was made. Closed reduction was done on October 28, 1931, 
and when the patient was discharged the hip was in the socket; but in 1937 it was found 
to be redislocated. Because of limp, pain, and shortening, she was readmitted and 
operated upon on January 20, 1941. The patient has a stable hip, the Trendelenburg 
sign is absent, and the roentgenograms show that a good shelf has been formed. 

SUMMARY 

The operative technique described for the stabilization of the ir- 
reducible hip in older children and adults, provides a stable socket from 
which the hip cannot be dislocated, and utilizes a bone plastic flap that 
remains attached to the ilium and retains its blood supply. 

1. Kidner, F. C.: Importance of Capsule Attachments in the Reduction of Congenital 
Dislocations of the Hip. J. Bone and Joint Surg., XIII, 104, Jan. 1931. 
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RETROLUXAR DISLOCATION OF THE CAPITATE WITH 
FRACTURE OR SUBLUXATION OF THE NAVICULAR BONE 


BY EDWIN FRENCH CAVE, M.D., BOSTON, MASSACHUSETTS 
From the Fracture Clinic of the Massachusetts General Hospital, Boston 

Dislocation of the capitate bone, with fracture or subluxation of 
the navicular, has been third in frequency of occurrence in the series of 
carpal bone injuries at the Massachusetts General Hospital. It is, how- 
ever, far outnumbered by fractures of the navicular bone, and disloca- 
tions of the lunate. All fractures and dislocations of the carpus repre- 
sent about 2 per cent, of bone injuries in this Clinic. 



Tracings of fracture of the navicular (iV) and retrolunar 



MECHANISM 

Retrolunar dislocation of the capitate (0.-5 magnum), j’ 
referred to as transcarpal dislocation, is produced b> a i on jjjjury 
dcnly forces the hand into donsiflexion. The commoucs 
is a fall on the outstretched hand. The force may be portion 

the third metacarpal, or may^ be received directly 10 
of the capitate. The dislocation of the capitate Ijoiir. 

by a fracture of the navicular bone, or rotation u-va , When 

Usually great force is reciuired to bring innate and 

the injuiy occurs, the ligamentous structuic.s , .„pP>(l. dh'' 

the capitate are ruptured, and the blood supp > n * no 
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luiuito rctiliiis its normal relationship to the radius, or maj^ be tilted 
slightly toward the palmar surface; the capitate is displaced dorsally 
to the lunate hone. At the same time, because of the shortening of the 
distance between the radius and the second row of the carpus, the navic- 
ulareithcr must be fractured transvcrsally (Fig. 1), or must rotate through 
its long axis (Fig. 2). If the navicular has been fractured, the distal 
portion of the bone moves dorsalh'^ and upward with the displaced capi- 
tate, while the proximal fi'agment continues to maintain its normal rela- 
tionship to the radius. More frequently the navicular may be sub- 
luxated rather than fractured, and rarety is it completel}" dislocated. 

DI.VGNOSIS 

As with all other carpal injuries, the diagnosis is based entirelj^ upon 
the roentgenograms and thorough knowledge of the anatomical relation- 
ship of the carpus is required to interpret them. Standard exposures 
should be made (Fig. 3). The writer has frequently seen the diagnosis 
of retrolunar dislocation of the 
capitate confused with disloca- 
tion of the lunate bone, as oc- 
curred in the following case: 

Case 1. R. W. (No. 318839), 
aged twenty, male, was admitted Jan- 
uary 20, 1932. Two months before, he 
had fallen on the dorsiflexed hand while 
playing football. He had had no treat- 
ment. Roentgenograms on admission 
showed what was interpreted as a dis- 
location of the lunate. The lunate 
bone was excised through an anterior 
incision. As original roentgenograms 
had indicated, however, the correct di- 
agnosis was retrolunar dislocation of 
the capitate (Figs. 4-A, 4-B, and 4-C). 

One year later there was marked limita- 
tion of motion, particularly in palmar 
flexion, but no pain. 

TRE.\TMENT 

The Treatment of Dorsal Dislocation of the Capitate and Rotation Luxa- 
tion of the Navicular. 

With this injuiy, immediate closed reduction b.y traction in hyjier- 
extension, then in extension, and finally^ in flexion is indicated. The 
earlier the manoeuvre is attempted after injury, the more likely it is to 
succeed. If it is delaj^ed beyond a few days, open reduction may be 
necessary, and if many days or Aveeks have passed, even operation ma.A' 
fail. If closed reduction is succc.ssful, immobilization with an anterior 
splint for ten days is sufficient. 



Fig. 2 

The capitate (C) is displaced dorsally to the 
lunate (L) while the navicular [N) has rotated 
so that the tubercle or distal portion points 
toward the palm. 
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Case 2. W. S. (No. 333357), aged thirty-seven, male, was admitted to the Emer- 
gency Ward November 12, 1933, with a retrolunar dislocation of the capitate, rotation 
luxation of the navicular, fracture of the head of the radius, and fracture of the ulnar 
styloid, following an automobile accident. Reduction had been attempted under ether 
anaesthesia, but had failed (Figs. 5-A and 5-B). On November 17, an incision uas made 
over the dorsal aspect of the wrist. The capitate was found to be displaced backu ard on 
the lunate, and the navicular was rotated, so that it occupied partially the normal posi- 
tion of the capitate. The capitate was reduced to its normal relationship with the lunate 
and this brought the navicular into normal position. On November 25, the patient was 
discharged from the Hospital, wearing a plaster splint. All apparatus was discarded at 
the end of two weeks. One year later the patient was working at his old job. He had 
no pain; motions were three-quarters normal, and still improving. Roentgenogranrs 
show normal relationship of bones (Figs. 5-C and 5-D). 

Treatment of Retrolunar Dislocation of the Capitate with Fracture of the 
Navicular. 

When in addition to the dislocation of the capitate, there is a fractuie 
of the navicular, such fracture may reduce spontaneously as the displaced 



^ ^ ^ ft 

Standard exposures for roentgenography 
duced bn courtesy of J. B. Lippincott Compan>j,and the American .ueaica 

.HEaounxAnoruoxn.v.xnro>x-r.nror 



Fig. 4-C 


Case 1. R. W. (No. 318839). End lesult of retrolunar dislocation of the 
capitate. Lunate has been removed; navicular has been displaced forward into 
the palm; capitate is articulating with'the radius. (Open, reduction of dis- 
located capitate with restoration of the navicular and lunate to normal position 
would have been treatment of choice.) (Courtesy of J. B. Lippincott Company.) 


capitate is restored to its normal position; but if accurate reposition of the 
navicular fragment is not obtained, open operation should be done, and 
the fragments of the navicular realigned, and held mth a dowel graft. 

The following two cases illustrate this point: In the first case (iMcK.) 
the fractured navicular was treated mth closed reduction of the disloca- 
tion, and later a dowel graft to the navicular. The second (B. C.) was 
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treated by closed reduction only. Note that union of the navicular was 
produced in the first case, and that non-union of this bone resulted in the 
second. Otherwise the cases are very similar. 

Case 3. McK, (No. 134433), aged seventeen, male, was admitted June 15, 1938, 
one-half hour after he fell from a moving truck, landing on the dorsiflexed left wrist. 
Roentgenograms revealed a retrolunar dislocation of the capitate, and fracture of the 
navicular, with dorsal and upward displacement of the distal fragment of the navicular 
(Fig. 6-.\). Under general . anaesthesia, fluoroscopic reduction of the dislocation of 
the capitate and fracture of the navicular was done. Postreduction roentgeno- 
grams showed .unsatisfactory position of the navicular fragments (Fig. 6-B). On 




Fig. 5-A Fig. o-B 

Case 2. IV. S. (No. 333357). Figs. 5-A and 5-B show in, anteroposterior ami 
lateral views a recent retrolunar dislocation of the capitate and rotation c is 
of the navicular. 



Case 


o 


Fig. 5-C 

IV. S. (No. 333357). 


Fig. 5-D 

.C and 5-D show result after open opcnitn-n. ^ 
the jorii.vAi. OK no.vi; .i-vn Jor-''*’ 
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Fig. 6-A 


Case 3. McK. (Xo. 134433). Anteroposterior view showing fracture of the 
navicular with displacement; and lateral view showing retrolunar dislocation of the 
capitate. 


June 23, 1938, under general anae.sthesia, a bone graft from the tibia was placed 
in the left navicular bone. After postoperative immobilization for four months. 


roentgenograms, taken October 31, 1938, 
showed bony union of the navicular 
with the graft in place. On March 6, 
1940, patient was symptom free, and 
working at a printing press. There was 
a slight thickening over the dorsum of the 
navicular. There was dorsiflexion on the 
right of 45 degrees, left, 45 degrees; 
palmar flexion on the right of 25 degrees, 
left, 30 degrees; ulnar deviation on the 
right of 20 degrees, left, 10 degiees; radial 
deviation on the right of 20 degrees, left, 
5 degrees; pronation on the right of 90 
degrees, left, 90 degrees; supination on the 
right of 90 degrees, left, 90 degrees. Grip 
was equal on both sides. Eoentgenograms 
showed complete bony union (Fig. 6-C). 

Case 4. B. C. (No. 127846), aged 
eighteen, male, was admitted May 10, 1938. 
Five days before, the patient had fallen 



backward on the dorsifle.xed left wrist. A 
splint was applied. Roentgenograms re- 
vealed retrolunar dislocation of the capi- 
tate; fracture of the cuneiform and navic- 


Fig. 6-B 

Case 3. McK. (No. 134433). Antero- 
posterior view showing incomplete reduc- 
tion of the fractured navicular. 


ular, with displacement (Figs. 7-.\and 7-B). 

The distal fragment of the navicular was displaced dorsally and upward. Under general 
anaesthesia, fluoroscopic reduction of the dislocation and fracture wa.s made. Postopera- 
tive immobilization was continued for four months, when roentgenograms showed sati— 


factory reduction of the dislocation, but non-union of the navicular fracture. On March 
IS, 1940, twenty-two months after injury, there was a slight thickening of the dorsum of 
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Fig. 6-C 

Case 3. Mclv. (No. 134433) Anteioposteuor and oblique views thiee months 
aftei operation, showing bony union of the navicular fiactuie with thegiaft m place. 

the wi ist. There was dorsifle\ion on the i ight of 80 degi ees, left, 70 degrees , palniai flevion 
on the right of 65 degiees, left, 10 degiees; ulnar deviation on the right of 20 degrees, left, 
20 degiees, ladial deviation on the light of 25 degiees, left, 15 degiees, pionation on the 
right of 90 degiees, left, 90 degiees, supination on the right of 90 degiees, left, 90 degrees 
Grip w as equal on both sides. This was a faiily good clinical lesult at this time, but, e- 



Fig. 7-A 

Cose 4. B. C. (No. 127S46). 
cation of the capitate. 

Fig. 7-B: Anteroposterior view 
ment. 


Fig. 7-B 

Fig. 7-A: Lateral view showing retrolunar 
showing fracture of the navicular with di-l 

the OF hom; a.nd 
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cause of non-union of the navicular, this bone is potentially a source of trouble, and will 
probably cause pain in the future. Operation and bone graft to the navicular was advised. 

The graft operation must be done within a few days, otherwise one 
may find it impossible to realign satisfactorily the navicular fragments, 
even though the dislocated capitate maj'’ have been reduced. If it is 
necessaiy to reduce the capitate by open operation as well as to graft the 
navicular, two incisions — one a mid-dorsal, and the other a curved radial 
incision — should be emplo 3 '^ed (Figs. 8 and 9). 

Postoperative fixation in plaster in this type of case should be carried 
out until union of the navicular is complete, — that is, usualljr from six to 
twelve weeks. 

The Treatment of Old Retrolunar Dislocation of the Capitate, with or without 
Fracture of the Navicular Bone. 

The neglected case probably cannot be satisfactorily treated by at- 
tempting to restore normal position of the carpal bones. If this fails, one 
must choose between (1) excision of the lunate and navicular bones and 
(2) wrist fusion. Excision of these two bones maj'^ result in improved mo- 
tion, and less pain in the wrist, but will produce a weakened wrist, prob- 
abl}'’ necessitating the use of external support for heavy work. Wrist fu- 
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Fig. 9 

Radial approach to the navicular bone. 
Association.) 


{Courtesy of the American Medical 


sion is the alternative to the excision operation; this will produce a s loiio 
wrist, and while motion in dorsiflcxion and palmar flexion wil 
nated, pronation and supination can be maintained, if the fusion iscdti 
out only between the radius and the carpus. 


Case .5. A. J. (No. 341976), aged thirty-one, male, was admitted 
Waul on September 21, 1934, with multiple contusions and abrasions ot ‘ ^ 

fractuie of the ulnar styloid, and chip fracture of the lesser trochantei, o ‘ 

cycle accident. His left arm was put in a plaster splint. The patien con ,„„1 a 

trouble with his wrist, which was swollen, painful, and limited m ino '? 1 (hL- 

half month.s after injury, further roentgenograms revealed retio unai * , p[.,)xiiiial 
capitate and fracture of the carpal navicular, with posterioi disp 
fragment of the navicular (Fig. 10-A). A dorsal incision was ma e in to it' 

was impossible to reduce the fractured navicular. The capitate con of the 

normal relationship with the lunate, but it would not stay in tJie lunate 

fact that the injury was old, and scar tissue extensive, it was Hcek.' Intcf- 

and navicular bones. The patient was discharged from t le lospi • 
wearing an anterior plaster splint (Fig. 10-B). There was therefnre. 

tion in the wrist, but there was still considerable weakness. ^ iiuicliine.-kup- 

fitted with a leather wristlet. One year later, the patient was \\eakcr tiuu 

There was less pain, and the wri.st had improved in .streiig i, JU ^ 

THi: joriiN-.AL OF no.vE .wvn Joi-nt .'i 
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Fig 10-A 


Case 5. A J (No 341976). Anteroposteiioi and lateral views ot the hand t\\o 
and one-half months aftei injury, showing letiolunai dislocation of the capitate, and 
fiactuieof the mid-position of thenaviculai with upward and backwaid displacement 
of the pioximal fragment All of the bones of the hand show marked atiophy 



Fig 10-B 

Case 5 A J (Xo 341976) Anteroposteiioi and lateral view > after navicular 

and lunate have been i emoved The capitate k still dor'ally displaced 
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the opposite one. There was slight radial deviation. The patient was earing liis 
wristlet while at work. 

CONCLUSIONS 

1. Retrolunar dislocation of the capitate bone "with fracture or with 
subluxation of the navicular is one type of carpal injury. 

2. Reduction of the dislocation by manipulation can be accom- 
plished if done early. If this is not successful, open reduction must be 
carried out. 

3. If there is an associated navicular fracture, and satisfactory align- 
ment of the fragments is not obtained by manipulation, open reduction 
and insertion of a bone graft should be done. 

4. In neglected cases of this type of injury, the choice of treatment 
rests between excision of the first row of the carpus and wrist fusion. 
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THE CONSERVATIVE AND OPERATIVE TREATMENT OF 
FRACTURES OF THE CARPAL SCAPHOID (NAVICULAR) * 

BY RALPH SOTO-HALL, M.D., AND KEENE O. HALDEMAN, M.D., 

SAN FRANCISCO, CALIFORNI V 

From the Department of Snrgciy, Dwii>io>i of Oi thopaedic Surgery, University of California 

Medical School, San Francisco 

Because of the well-deserved reputation for prolonged disability 
fractures of the carpal navicular have obtained considerable prominence 
in cunent medical literature. Another reason for the interest in this 
problem is the variety of operative methods which may be used in the 
treatment of fractuies of the navicular which fail to unite. The purpose 
of this presentation is twofold: to show the end results of a group of 
acute fractiues which were treated conservatively by a method previ- 
ously described and to evaluate the various operative measures which 
have been emploj^ed in the treatment of non-union. 


TABLE I 

Age of Patients No 

10-19 yeais 7 

20-29 yeais 18 

30-39 yeais 15 

40-49 yeais 6 

50-59 years 4 

Total 50 


In 1934 the authors described the conservative treatment of sixteen 
cases of recent fracture of the carpal navicular, twelve of which resulted 
in bony union. During the past eight years fifty additional patients, with 
all types of fractures, have been treated. A tabulation of this series of 
fiftj'^ cases appears to form a satisfactory basis upon which to draw con- 
clusions. The preponderance of males to females — forty-seven to three — 
doubtless results from the large proportion of industrial injuries. The 
maximum incidence occurred during the third and fourth decades of life, 
before attritional or senile changes appear (Table I). The duration of 
these fractures (Table II) permitted about one-half of them to be treated 


TABLE II 

Duration of Fracture 

Acute (up to 14 days) 19 

Subacute (2 ^\eeks to 6 months) 17 

Old unumted fracture uith reinjury 7 

Old unumted fracture without reinjury . 7 

Total ..... . . 50 


* Read at the Annual Meeting of The American Academy of Orthopaedic Surgeons, 
New Orleans, Louisiana, on January 15, 1941. 
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TABLE III 

Type of Fracture Shoa\n iv Roen tgenogr vms 


Tiaiibveise thiough body without displacement 37 

Tiaiisveise thiough body with displacement 3 

Comminuted G 

Type not specified 4 


Total oO 

conservativeh'^ The high incidence of fractuies through the w^aist of the 
navicular (Table III) allows a considerable uniformity in their treatment 
Associated injuries of the carpus, of ivhich a dislocation of the lunate 
bone is the most common (Table IV), frequently alter the type of tieat- 
ment required Following the reduction of a ventral dislocation of tiie 
lunate bone, for example, it is advisable to assure prevention of a lecui- 
lence of the dislocation by immobilization of the wrist in some vential 
flexion, rather than in the preferred position foi navicular fiactuic'' 

TABLE IV 

Associated Injuries in the Wrist 

Dislocation of the lunate bone ** 

Fiactuie of the lowei end of the ladius ^ 

Fiactuie of othei caipal bone ^ 

Fiactuie of metacarpal bone 

Total 

The choice of treatment to be employed in the individual case (labb 
V) will be discussed later in this report. In Tables VI and VII, the ciu 
lesults in the entire series have been repoited with legard to the occui 
lence of osseous union. Obviously, from this standpoint, the casts o 
excision of one or both fragments have no significance. The fiinctiona 
end result, as indicated by the ability to return to work, is siown in 

Table VIII. ' • . i . u 

Success in the tieatment of the fractured carpal naviculai ^ 

upon an earty lecognition of the fractuie and a complete an pioo g 
immobilization of the fragments Of the various factois coneeiiicc 

TABLE V 
Type of Trewwiem 

Coiisei vative (east m ladial-doisal flexion) 


Opeiative 10 

Dulling opeiation S 

Di filing and bone graft (> 

Excision of pioxiinal fiagment I 

Excibion of entii e scaphoid 2 

Open I eduction of fractuie — 2 ~ 


JutAllt 


total ^ \\ith 

* This figuie includes one patient who had a 

sultant non-union, and latei a dulling and bone-graft p n(’,rlition for lh‘“ 
i\ho had had a dulling operation without union, and la 
of the proximal fragment of the scaphoid. 


rin joruN'-^i- 
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'FABLE VI 

Resulis or CoNbEiivmvE 'Fremmem’ 


III lecent fiactuie-' 

Ob'-eoub union 20 

Xon-union 1 

— 21 

In old uminited fiiictuiO'!i with lecent leinjuiy 

O-'seous union 0 

Pei''ibtenfe of non-union (w ith bubhidein e of i epent syinptoinb) 4 

— 4 

'Fotal 25 


'FABLE VII 

UEbULib OF Drilling \nd Bon'E-Graft Operations 


Dulling opeiation 

Obseoub union . 5 

Doubtful union 2 

Xon-union 2 

Result unknow n 1 

— 10 

Bone giaft and dulling opeiation 

Osseous union 6 

Xon-union 1 

Result unknow n 1 

— 8 

'Fotal 18 


the development of non-union, considerable importance must be attached 
to the blood supply of this bone. The chief arteij'’ enteis thiough the 
tubercle, at the distal end of the bone, and one or more additional arterial 
foramina are found along various points of the body of the bone Obletz 
and Halbstein found that the proximal half of the navicular had no fora- 
mina, or only a single foramen, in about one-third of the specimen.s 
studied Aseptic necrosis is seen most frequentty in small pioximal 
fragments, and in such cases is a formidable obstacle to union The 
absence of periosteum from most of the surfaces of the navicular (those 
covered with articular cartilage) is piobably responsible for a retarded 
late of healing, as compaied with that of the long bones 

A rational appioach to the prevention and tieatment of non-union 
in any bone should be based upon a study of the micioscopic changes 


'FABLE VIII 
Return to Work 

Retui ned to foi mei type of w oi k . . 36 

Retui ned to lighter type of w oi k 2 

Did not letuin to work 1 

Still under treatment 1 

Result unknow n 10 

'Fotal 50 
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Fig. 1 


Photomicrograph (X7) of proximal fragment of the navicd^^^^ 
months after injury. The section shows an f fUg cartilage to lieal. 

excised fragment. Note the absence of callus, and the , , . 5 =Cancellous 

C = Cleft in the cartilage; F=Fibrosis along thelme of fiacture, ana is 


which take place at the site of the lesion. The common o s 
the roentgenograms of a progressive absorption of one a .gctions. 
fracture has its counterpart in the picture shown y miciosc , 
Sections of five naviculars which were excised suigica y s oi 
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Fig 3 

Photomicrogiaph ( X 100) of cleft in the cartilage of the proximal fiagment of the 
navicular excised one year after injury. This view does not include the line of 
fractuie thiough the bone. Note complete failme of the caitilage to heal. 

(7=016^ in the cartilage, J3 = Subchondral bone; and Z = Zone of provisional 
calcification. 

istic fusiform area of absorption which occurs along the line of fracture 
of those naviculars which have not been adequately immobilized (Fig. 
1). The bone disappears and is replaced by fibrous connective tissue near 
the center of the fracture. This condition is sometimes referred to as 
cystic degeneration, although no true cyst of the bone occuis. Even if 
consideiable absorption of this type is present, the inseition of a bone 
graft, or prolonged immobilization, often leads to a restoration of the 
normal appearance of the bone. Microscopic studies of these specimens 
(Fig. 3), and of other examples of injury to articular cartilage, have 
shown the complete inabilitj'' of hyaline cartilage to regenerate The 
most that can be hoped for is a filling of the defect in the cartilage with 
connective tissue which slowly takes on some of the characteristics of 
fibrocartilage. It may be this failure of regeneration of cartilage which 
accounts for the persistence of pain in the wrist after osseous union of the 
fractured navicular has occurred. 
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Fig. 4 

Operative exposuie of the naviculai. 

The most important causes of non-union in these often, 

effectual or insufficiently prolonged immobilization am, injury, 

failure to make a diagno.sis within the first tuo j,i Jor^i- 

The history of a blow on the palm of the hand, uit i wiist, 

flexion, followed by immediate pain over the la la 50 i * fpjctiirc 
ahould .suggest the presence of a fractuie of the na\icn overt lie 

has occurred, there is usually tenderness, and occa.siona } 1^., 

anatomical snuffbox and on the dorsal and \entia ‘‘j’P jjio n.i'“'' 

ular. An impoitant clinical .sign is the occuireiice o ‘ thumb 

ular region when percussion is made on the tip of the an 

ra. muuvM. or uov. vsu 
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Removal of the bone graft from the radius and its insertion into the navicular 

which has been drilled. 

or over the distal end of the second metacarpal bone. Forced ulnar 
flexion of the tvrist is usuallj'- painful. 

Although roentgenographic examination is essential, and antero- 
posterior and oblique views should be taken with the wrist in full ulnar 
flexion, it must be emphasized that a negative roentgenogram immedi- 
atelj'^ after injuiy does not eliminate the possibilit}" of a fracture. If the 
clinical signs point to a navicular fracture, the patient should be treated 
as having such, and the roentgenographic examination should be repeated 
at the end of three weeks, at which time absorption of bone will have oc- 
curred along the line of fracture, and the roentgenogram will give the 
true diagnosis. Two cases in our series illustrate this point (Figs. 2-A and 
2-B). It is most important that the treatment begin immediatel}" after 
the injuiy has occurred, even at the risk of immobilizing a wrist in which 
no fracture is subsequentlj'^ demonstrated, because the chances of success 
in conservative treatment rapidlj'^ fade with the passage of time between 
injury and immobilization. 

In a consideration of the treatment of fractures of the navicular, 
their classification should be both anatomical and chronological. The 
anatomical grouping includes (1) lesions of the body, through the waist, 
(2) lesions through the proximal pole, (3) lesions of the tubercle, and (4) 
comminuted fractures. Chronologicall}'^ the.y may be grouped as recent — 
up to two weeks — and old. The term subacute may include the border- 
line cases. Recent fractures through the bod^'' or pro.ximal pole of the 
navicular should be immobilized by a cast which holds the wrist in full 
radial flexion and 30 degrees of dorsiflexion, and includes the thumb 
which is held in full abduction and extension, in the manner previously 
described by the authors In the application of the cast including the 


VOL. XXIII. XO 4. OCTOBER 1941 



848 


R. SOTO-HALL AND K. O. HALDEJIAN 



Fig. 6-A 

L. S. November 1, 1937, five days after 
injury. 



Fig. 6-C 

L. S. October 10, 1940, three years 
after injury, the fracture is healed fol- 
lowing drilling and insertion of the bone 
graft. Note the equal density of the 
fragments. 


Fig. 6-B 

L S. March 8, 1938, four ami 

one-half months after injury, there in 

increased density .""ITtKe 

of the pro.'dmal fragment of tlie 

navicular. 


thumb, care must be taken to foice 
the thumb into abduction by pres- 
sure on its base, rather than on i s 

tip, because the latter procedure maj 
lead to a slight subluxation of 

metacarpophalangeal join o 

thumb. The thumb is released aft 
si. week., bet bnmobil,.at,on oUhe 

wrist may be necessaij 

three to six months. At the J I of 

ten or twelve weeks, a re nd^ 

leather wrist support, i\hic i 

the hand, may be used foi , 

prolonged immobilization. 

ofthetubercleofthena^nc ^ 

heal after from fom to si. 

“'istence ot 

dude the thumb. niivicu- 

marked 


marked oommmuriuu 

lar usually precludes a sati.sfactory functional fragment-' 

treatment, and may be an indication foi ^ changes m the 

wliich should be done earb' in order to avoi sometimes he pa>^ 

wrist. .As previously noted, primary attention mm,t .o 

to associated injuries of the carpus. f,. nature an early decu-ion 

In the treatment of le.ss recent cases of fiactuic, 

loua-VAU OI- BO.vn x-vn 
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regarding the operative procedure to be emploj^ed is important in order 
to shorten the period of disability, and to prevent arthritic changes in 
the wrist, as evidenced b}'' the sharpening of the styloid process of the 
radius, which is commonly seen in old ununited fractures of the navicular. 
In the earlier cases of this series the operation of drilling, introduced by 
Schnek was used but is now reserved for those naviculars which do not 
show extensive absorption at the line of fracture. The authors' experi- 
ence showed that healing was very slow following the drilling operation, 
and that osseous union could be anticipated in only about one-half of the 
cases. The unfavorable cases were those in which the roentgenograms 
showed absorptive changes. Pathological studies have convinced the 
authors that simple drilling does not sufficiently stimulate osteogenesis. 
The}’’ have, therefore, altered their technique (Figs. 4 and 5) to include 
the exposure of the site of the fracture, the excision of all fibrous tissue 
Ijdng between the fragments, multiple drilling through both fragments, 
and the introduction of one or two bone grafts The removal of 

the bone peg from the cortex near the distal end of the radius and its 
insertion through a hole which enters the distal fragment near the tuber- 
cle and penetrates the proximal fragment, does not unduly complicate the 
operation, and certainlj'- favors union b}'' the addition of osteogenic tissue 
and the provision of internal fixation of the fragments. 

Excision of the proximal ununited fragment of the navicular seems 
advisable when this fragment is too small to permit the insertion of a 
bone graft. This operation has also been employed for the occasional 
patient upon whom a bone graft or drilling operation was unsuccessful. 
Its use in comminuted fractures has been cited. Although the presence 
of aseptic necrosis of the proximal fragment would seem to require its 
excision, the authors have seen the revascularization and osseous union 
of such a fragment following the insertion of a bone graft (Figs. 6-A, 
6-B, and 6-C). 

CONCLUSIONS 

1. Success in the treatment of fractures of the carpal navicular 
depends upon the recognition of the fracture within two or three weeks of 
injury, and upon adequate and prolonged immobilization. Under these 
favorable conditions osseous union may be anticipated in a very high 
percentage of cases. 

2. Excision of one or both fragments of the navicular is reserved 
for a limited number of cases, including those showing marked comminu- 
tion and those in which other measures have failed. 

3. From further e.xperience in the operative treatment of non-union, 
it would seem that the drilling operation has a limited value; and that a 
procedure is indicated which combines the excision of the interposed 
fibrous tissue, the drilling of the bone, and the insertion of a bone graft 
from the radius. This procedure materiallj'- reduces the period of neces- 
sary immobilization and increases the chances of union. 
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AN EVALUATION OF PHYSIOTHERAPY IN THE EARLY 
TREATMENT OF ANTERIOR POLIOMYELITIS * 

BY H. K. McCARHOLL, M.D., AND C. H. CREGO, JR., M.D., ST. LOUIS, MISSOURI 

From the Shriners’ Hospital for Crippled Children, and the Department of Surgery, 
Washington University School of .^fedicine, St. Louis, .]fissouri 

Poliomyelitis exists in endemic form in this country, but few clinics 
have at their disposal a series of acute ca.se.« of the true epidemic form large 
enough to permit a comparative study of the various therapeutic mea.s- 
ures most frequently used. Prior to 1933, it was unusual for a case of 
poliomyelitis in the acute or subacute stage to be seen at Shriners’ Hos- 
liital, although patients with the chronic form outnumbered those with 
any other disease process accepted for treatment. During the year 
1935, forty-one recent cases were observed; in 1936, sixty-three cases; in 
1937, fort 3 '-five cases; and in 1938, eleven cases. During this four-j'^ear 
period, a total of 160 cases (325 involved extremities) were seen, and these 
have nowbeen followed long enough to state definitely the degree of residual 
involvement which they show, and therefore to determine the value of the 
treatment used in each case. 

The first group, in 1935, were treated b,y immobilization in solid plas- 
ter until all evidence of muscle tenderness, and muscle and joint pain had 
disappeared, — usually a period of three to four months. This was fol- 
lowed by immobilization in plaster splints or bivalved plasters with the 
paralyzed muscles relaxed, and physiotherapy treatments five days each 
week, in the pool at a temperature of about 95 degrees Fahrenheit. Each 
treatment lasted about twenty minutes. At the end of nine months, 
when it was possible to ascertain with some measure of certainty the resid- 
ual involvement, the results were found to be very disappointing. 

It was at this time that the authors learned of the excellent results 
which had been obtained by Kendall by means of prolonged immobiliza- 
tion, and prolonged rest and protection, and it was decided to give the 
method a thorough trial should a similar epidemic occur in 1936. It 
became necessary at about this time to obtain a new physiotherapist, so 
one trained by Mr. Kendall was secured. The work udth the next series 
of patients was more or less turned over to her as it was felt that, to give 
this method an impartial trial, the work should be done by some one thor- 
oughly familiar with his ideas and the details of his method of treatment. 
In order to facilitate the ease of handling these patients and to assure 
every possible advantage for the patients and for the method at trial, 
one entire ward was set aside solelj'" for their care. Thirt\^ patients were 
admitted during the course of a few days and remained for approximately 
nine months under constant observation. It was the authors’ privilege 

* Read at the Annual Meeting of The American Academy of Orthopaedic Surgeon.';, 
New Orleans, Louisiana, January 14, 1941. 
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to have a visit from Mr. Kendall during this time to check the methods 
being employed, to discuss any changes which might be beneficial, and to 
assure close adherence to his ideas. Much to the authors’ surprise, how- 
ever, the results in that year were no better than in the previous year, 
and the percentage of patients actually showing improved muscle power, 
as a result of the new treatment, was no greater. 

During the next two years no one single plan of therapy was fol- 
lowed. The patients were treated in various ways, depending on the 
needs of each individual. No attempt will be made to discuss the details 
of the various recommended procedures as these have been adequately 
described by the proponents of each method These have 

varied from prolonged immobilization on the one hand, to intensive physio- 
therapy, which entirely disregarded immobilization and rest even in the 
very acute stage and carried all joints through a full range of motion at 
frequent intervals, on the other. The latter method (Sister Kenny’s), 
originating in Australia, has not been tried in cases supervised by the 
authors, and as yet has had veiy little intentional application in this 
country. Between these t\vo extremes lie those methods which adhere 
to various periods of early immobilization, accompanied or followed by 
some form of physiotherapy. The usual and probably the most popular 
form of physiotherapy used in this country today is the underwater 


therapy. 

An attempt has been made to analyze critically the results in tbs 
series of 160 cases without preconceived ideas as to the relative value o 
any particular form of therapy. The ana^'^sis itself is extremely difficu t, 
and it is questionable whether or not one is justified in attempting o 
estimate the return of function in an extremity as a whole. To recor 
an analysis of such a series from the standpoint of function in eac m i 
vidual muscle of the bodjq however, would require volumes of space, an 
the fundamental facts would be lost in amaze of figures. There 
attempt has been made to estimate the residual function in an invo 
extremity and to compare this with the original involvement. m 
original involvement only two listings have been used: (1) those ex lem 
ties showing complete paralysis, including those in which no muse 
rated better than poor, and (2) those showing partial 
denced by spotty changes or generalized weakness. Foi 1- ® * used: 

residual function in those extremities five classifications have een 

1. Zero. Completely flail extremity or one with a few muscles 


showing no more than a trace in power. , pp 

2. Poor. Slight return, but rvith muscles rated no better 

and consequently of little or no functional value. ^ 

3. Fair. Fair return in most muscles and pei haps goo ^ 

but with insufficient return in the more important mu^ es 
brace-free extremity. Such an extremity, even thoug a 

quired, is rendered fairly satisfactory, because the muse e 


siderable functional value. 
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4. Good. A satisfactory brace-free extremity. This means at 
least good return in the major muscles, but with some residual involve- 
ment. Extremities with good muscles about the hip and knee, but with 
residual involvement of muscles about the foot, are listed in this group. 

5. Normal. Those extremities with no demonstrable residual 
involvement. 

The same criteria have been used in estimating the return of power in the 
muscles of the upper extremity, except for the necessity of using apparatus. 
Upper extremities are frequently seen with the deltoid paralyzed, while 
the remainder of the extremit 3 ' shows little or no involvement. Such 
extremities have been classified as good. It is obvious that such a classi- 
fication is based on a rough estimate of the residual involvement. It is 
justified, however, since the amount of function which an extremity shows 
determines the value of the therapy used. 

For a comparative studjq all cases in this series have been grouped 
according to the type of treatment used. Table I shows seventeen cases 
(thirty extremities) which were treated bj"^ short periods of complete im- 
mobilization with no form of phi’siotherapy. This period of immobiliza- 
tion lasted from one to four months. The extremity was then protected 
by a brace and the individual was allowed up. 

Table II shows six cases (ten extremities) treated by short periods of 
complete fixation for from one to three months and followed by physio- 
therapy for from three to six months. Protection of the extremity during 
the period of physiotherapj'- was maintained by plaster splints or specially 
prepared braces to prevent active use. Physiotherapy consisted of lim- 
ited active and passive motion either in the pool, or on a table, in which 
case each treatment was preceded by baking and massage of the involved 
extremity. These treatments averaged about twenty minutes daily 
for five days each week. 

TABLE I 


Summary of Thirty Extrejiities Treated by Short Periods op Immobilization 
OF One to Four Months without Physiotherapy * 


Involved Part and Degree of 
Original Involvement 

No. 

Final Rating 

Zero 1 

Poor 

Fair 

Good 

Normal 

Arms 



1 




Complete paralysis 

1 






Partial paralysis . . 

6 




3 1 

3 

Legs 







Complete paralysis . . 

15 

4 

5 

3 

2 

1 

Partial paralysis 

9 



1 

8 


Total extremities 

30 

4 

5 

4 

13 

4 


* Of three patients with paralysis of the abdominal muscles, two had a final rating 
of poor and one, fair. 
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TABLE II 

Summary of Ten Extremities Treated by Short Periods op Immobilizatio.v of 
One to Three Months in Solid Plaster Followed by Physiotherapy for 

Three to Six Months * 


Involved Part and Degree of 
Original Involvement 


Arms 

Complete paralysis . 
Partial pa:ralysis . . . 

Legs 

Complete paralysis . 
Partial paralysis . . . 


No. 


Total extremities 


Final Rating 


Zero 


4 

5 


10 


Poor Fair 


Good 


Normal 


* Of two patients with paralysis of the abdondi^dii^^^^d^^^ 
poor, and one of good. 

Table III shows the results obtained in thirty-eigh^ cases 
five extremities) treated by prolonged immobilization for roj” _ 

eighteen months with no phj^siotherapy. Foi tie mos 
mobilization consisted of absolute fixation in solid plas ei, an 
der of the period in bivalved plasters or plaster splints. .....emi- 

Table IV shows an analysis of twenty-two cases - 

ties) treated by prolonged plaster inimobilization followed aRei^e.^^ 
twelve months, by continued immobilization and accompa 3 g 
therapy. Fixation of some form with no free active 
tremity ivas maintained in all cases for periods of from eig 
four months. 

TABLE III ^ 

SuAiJiARY OF Seventy-Five Extremities Tre.ated gjQ^jjEKAPY * 

MOBILIZATION OF FoUR TO EIGHTEEN MONTHS WITHOU 


Involved Part and Degree of 
Original Involvement 


Arms 

Complete paralysis . 
Partial paralysis . . . 

Legs 

Complete paralysis . 
Partial paralysis . . . 


Total e.xtremities . 


No. 


8 

7 

49 

11 


75 


Final Rating 


Zero 


23 


23 


Poor 


Fair 


Good 



Normiil 


:;:;twohadafinaln.t.n.' 


* Of the eleven patients with paralysis of abdominal mu=c 
of zero; six, poor; and three, fair. suiioniiv 
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TABLE IV 

Summary ok Sixty-Two I<;xtrem kites Treated mtth Prolonged Plaster Immobi- 
lization OK 'I'hree to Twelve Months and Longer, Followed by Physiotherapy 
KOR Eight to Twenty-Four Months * 


Involved Part and Degree of 
Original Involvement 

1 

No. 

Final Rating 

Zero 

Poor 

Fair 

Good 

Normal 

Arms 







Complete paralysis 

14 


1 

7 

6 


Partial paralysis 

9 




4 

5 

Legs 







Complete paralysis 

28 

13 

6 

8 

1 


Partial paralj'sis 

11 



1 

6 

4 

Total extremities 

62 

13 

7 

16 

17 

9 


* Of the fourteen patients with paralysis of the abdominal muscles, one had a final 
rating of zero; six, poor; three, fair; two, good; and two, normal. 


There are fourteen cases (nineteen extremities) listed in Table in 
which delayed plaster immobilization was carried out over periods of 
from six to eighteen months in an attempt to improve function in ex- 
tremities which were extensively involved. These patients were not seen 
bj'- the authors in the beginning, and were not referred to this Hospital 
until several months after the onset of the paralysis. Immobilization 
was carried out by means of solid plaster with no physiotherapy. There 
might also be included in this group eighteen lower extremities and five 
upper extremities, already included in one of the first four tables, which 

TABLE V 


Summary of Nineteen Extremities with Del.\yed Plaster I.m.mobilization of 
Six to Eighteen Months in .an Attempt to Improve Power (After Fourteen 

Months and Longer) * 


Involved Part and Degree of 
Original Involvement 

i Xo. 

1 

Final Rating 

i 

Zero 

Poor 

1 

Fair 

Good 

Normal 

Arms 1 




i 1 

j 


Complete paralysis . 

1 


1 

1 1 
1 1 

1 


Partial paralysis 

1 

1 


i 1 

1 1 


1 

Legs 


1 

1 

1 




Complete paralysis 

13 

6 

6 1 

1 1 

1 


Partial paralysis . ... 

4 



1 

3 ' 


Total extremities 

1 

19 ; 

1 

; 6 

7 ' 

2 

3 

1 


* Of the three patients with paralysis of the abdominal muscles, one had a final rating 
of zero, and two, poor. 
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were later given additional complete plaster fixation of from six to twelve 
months because of extensive residual involvement. Not one in this 
latter group showed any improvement in muscle power as a result of 
the immobilization. 

During this same four-year period, there was an additional series of 
sixty-three cases (129 extremities) shown in Table VI, which received 
no treatment whatever. These were patients who for the most part 
lived in inaccessible communities, and who usually were without the 
immediate services of an orthopaedic surgeon or physiotherapist. 
These patients Avere kept in bed only during the acute illness, and most 
of them were made to attempt to walk as soon as they could venture 
out of bed. In many instances, the parents felt that the parab'sis 
would progress unless the child was forced to use the involved extremities 
and exercise them as much as possible. These patients were seen in the 
Clinic from six weeks to twelve months after the acute illness, and at 
the time either showed so much recoveiy that treatment in an attempt to 
improve the muscle power was not justified, or showed so extensive resid- 
ual paralysis several months after the onset that treatment was thought 
to be a futile gesture. Since these patients did not have accurate muscle 
'pharts made early in the process, it may be argued that considering them 
;ih this discussion is not justified. The parents, however, were questioned 
as to whether the involved extremity in each instance showed complete 
or partial paralysis. This was determined by whether or not the patient 
lost all ability to move the extremity in question. If the extremity could 
not be actively moved, it was felt safe to assume that there was extensive 
involvement and to classify it as completely paralyzed. When some 
ability to move the extremity i-emained, the involvement was listed as 
partial paralysis. 

The recovery of the involved abdominal muscles has not been con 


TABLE VI 

SuMJiARY OF 129 Extremities in Which No Treatment Was Used 



No. 

Final Rating 

Original Involvement 

Zero 

Poor 

Fair 

Good 

Arms 





9 

Q 

Complete paralysis 

28 

2 

2 

4 

Partial paralysis 

12 





Legs 

Complete paralysis 

58 

9 

6 

6 

30 

22 

Partial paralysis 

31 


1 

5 

Total extremities 

129 

11 

9 

15 

69 


Normal 


11 

4 

7 

3 

25 


* Of the eight patients with paralysis of the abdominal mus 
rating of zero; two, poor; three, fair; one, good; and one, n 
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TABLE VII 

Results lv Extremities eou Each Group Regardless of Degree 
OP Original Involvement 


Group and 
Treatment 

Total 

No. 

Zero 

Poor 

Fair 

Good 

Normal 

Xo. 

Per 

Cent. 

No. 

Per 

Cent. 

No. 

Per 

Cent. 

No. 

Per 

Cent. 

No. 

Per 

Cent. 

Group I 

Immobilization 

1 to 4 montlis 

Xo physiotherapy 

30 ' 

i 

4 

13 

5 

17 

4 

13 

13 

44 

4 

13 

Group II 

Immobilization 

1 to 3 months 
Physiotherapy 

3 to 6 months 

10 

0 

0 

0 

0 

5 

50 

1 

5 

50 

0 

0 

Group III 

Immobilization 

4 to 18 months 

X'o physiotherapy 

75 

23 

30 

13 

17 

23 

31 

14 

19 

2 

3 

Group IV 

Immobilization 

3 to 12 months 
Physiotherapy 

8 to 24 months 

62 

13 

21 

7 

11 

16 

26 

17 

27 

9 

15 

Group V 

Delayed plaster im- 
mobilization 

6 to 18 months 

19 

6 

31 

7 

37 

2 

11 

3 

16 

1 

5 

Group VI 

No treatment 

129 

11 

9 

9 

7 

15 

12 

69 

53 

25 

19 

Totals 

325 

57 

18 

41 

12 

65 

20 

121 

37 

41 

12 


sidered in the above discussion. Those with definite involvement have 
been mentioned as footnotes to the accompanying tables, Avith the recov- 
eiy shown in each instance. Treatment for these has consisted in an 
attempt to maintain relaxation in the abdominal wall at all times by 
keeping the patient on a flexed Bradford frame, or elevating the chest, 
shoulders, head, and neck on pillows. When a position of 10 degrees to 
15 degrees or more of flexion is maintained for several months, man 3 " 
patients will develop flat chests and round shoulders. Such treatment, 
therefore, must be carried out vdthin reason. Anj”- patient who showed 
anj'^ indication of abdominal involvement was fitted with a Hoke type of 
corset before being allowed to sit up. In spite of this precaution, a 
definite scoliosis has alreadj^ developed in twenty-one of these patients, or 
in about 13 per cent, of the total series. In two cases mth distinct uni- 
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TABLE VIII 

Resdlt.s for Groups Combined According to Degree of Original Involvement 


Degree of 

Original Involvement 

Total 

Xo. 

Zero 

Poor 

i 

Fair 

Good 

Xormal 

1 

Xo. 

Per 

Cent. 

Xo. ! 

Per 

Cent. 

j Xo. 

i 

Per 

Cent. 

Xo. ' 

1 

Per 

Cent. 

Xo. i 

Pe!' 

Cent. 

Extremities with initial 
complete paralj'sis . . 

218 

57 

26 

39 

18 

49 

22 

1 

54 

25 

i 

19 

i 

9 

Extremities with initial' 
partial paralysis . 

1 

107 ' 

1 

0 

0 

2 

2 

16 

15 

67 

1 

63 

1 

22 

20 

Totals 

325 

57 

18 1 

1 

41 

12 

65 

20 

121 

37 

41 

12 


lateral involvement, fascial transplants to the abdominal wall have been 
used in an attempt to splint the weak side and prevent further increase in 
the deformity, but insufficient time has elapsed to make any statement 
in regard to the result. 

DISCUSSION 

By a study of the tables, it can be readily seen that no particulai 
form of therapy produced results which were outstanding. In fact, the 
highest percentage of satisfactory brace-free e.xtremities occurred in t la 
group of patients who received no treatment during the early stages, 
and who began to walk without support as soon as they could get ou 
of bed. . . ^ 

The degree of initial paralj'^sis was of far greater value in deteiminnib 
the degree of residual involvement than was the tieatment use 

Classifying all groups together, there were 218 extremities shoMiUo co ^ 
plete paralysis at the onset, and 107 extremities showing on} pai 
paralysis. Final rating in each of these is shown in Table ^ I • 

Since early muscle charts were not obtained in the gioup 
ceived no treatment, some may object to our assumption t la so 
these showed complete paralj'^sis in the beginning. Let 
that none of these patients showed complete paralysis in t e leg .^^^1 
and classif}' all sixty- three patients (129 extremities) as having ijU :jj°tliis 
partial paralysis. Table IX shows that even then the lesu s ^ 
group compare very favorably with the combination 
all other groups which showed only partial involvement m le 
and even the strongest objector will have to grant us t e iig ) 
as complete paralysis those extremities which still iema,m ai^ ^ gcoiip 

rated no better than poor. This change in the table \\ i * ^3 per 

receiving no therap}^ with more brace-free extiemities ® p„ly 

cent, good and 23 per cent, normal — ^than the extiemi ^ 
partial initial involvement in the combined theiapeiitic ^1 , pie 

It seems safe to assume, thei’efore, that in t e na - ^ 
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TABLE IX 

Comparison ok Results Between Entire Group That Received Xo Treatment 
and the Extremities ok All Other Groups That Showed 
Only Partial Paralysis at Onset 


Group and 
'rreatnient 

'total 

Xo. 

Zero 

Poor 1 

Fair 

Good 

Xormal 

Xo. 

Per 

Cent. 

1 

No. 

Per 

Cent. 

No. 

i 

Per 

Cent. 

Xo. 

Per 

Cent. 

Xo. 

Per 

Cent. 

Group VI 

Xo treatment 

129 

1 

11 

9 

9 

7 

15 

12 

69 

53 

25 

19 

Combined extremities 
with original partial 
paralj'sis in all groups 
receiving therapy. . . . 

64 

0 

0 

1 

2 

11 

i 

17 

37 

58 

15 

23 

Totals 

193 

11 

6 

10 

5 

26 

13 

106 

1 

55 ] 

40 

21 

1 

1 


results in anterior poliomj'elitis can be more adequatelj^ explained on the 
basis of the underljdng pathological process than on the form of the early 
treatment which is used. Initial paralysis in many instances is on the 
basis of a block in the pja'amidal tracts from localized oedema or hemor- 
rhage without actual destruction of the ganglion cells. Such a paralj'sis 
is temporary in character; and muscle function returns with relief of pres- 
sure from the anterior horn cells with the subsidence of the oedema. 
Instances of only partial paral3’^sis of an extremit}’' in the beginning can 
easilj'^ be explained on this basis, and could account for their higher per- 
centage of satisfactoiy results. Those extremities shoiving satisfactory 
functional return, in spite of apparent initial complete paralj'^sis, can also 
be explained on this basis. If, instead of this temporaiy pressure paral- 
.vsis, however, the anterior horn cells are actuall3'^ destro3'-ed, the muscles 
supplied b3" those nerve cells will remain completely paral3'^zed regardless 
of the type of treatment. In those cases with complete paral3'sis at the 
onset in one or more extremities, one can imagine a more destructive 
underl3dng pathological process. This actual destruction of nerve cells, 
rather than a temporar3r pressure block of the p3n’amidal pathwa3q prob- 
abhv accounts for the lower percentage of satisfactoiy returns in such cases. 

The authors do not wish tb impl3'^ from this that all orthopaedic meas- 
ures should be discarded in the treatment of the acute stages of this 
disease. Careful immobilization should be used for three reasons: ( 1 ) for 
the comfort of the patient during the acute stage, ( 2 ) to prevent the early 
development of deformities in an extremity as the result of muscle im- 
balance, and ( 3 ) to prevent a stretch parab'sis in a partial^" paral3'zed 
muscle. That this can and does occur at times is evidenced b3' the fact 
that after the correction of deformities, return of power is occasionally 
noted in muscles which have been stretched over a long period. To be 
perfectl3>' honest, it must be admitted that otherwise treatment has little 
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or no effect on the course of the disease. The type of treatment used in 
the authors’ experience is of minor importance in restoring power to the 
paralyzed muscles, but may be used so long as that plan is carried out 
within reason and is not actuallj'- harmful to the involved muscles. 

The continuation of physiotherapy over a period of years has often 
been used in the .hope of obtaining some evidence of recovery in involved 
muscles. For patients who can afford such care and who do not have to 
consider the great economic side of this problem, such a plan maj" be ideal. 
Recovery in paralyzed or partially paralyzed muscles is not of as great 
importance in these patients, however, as their psychological well-being. 
If an extremitj'- shows power enough to be rendered brace-free and func- 
tionally satisfactory bj'^ stabilizing operations and muscle transplants with 
a loss of time of only three to four months, it is not justifiable to substitute 
prolonged physiotherapj'’ over a period of jrears in an attempt to accom- 
plish a result which \vould functionally be no better. For the vast major- 
ity of patients who are compelled to consider the economic aspect of this 
question, this would seem to be a more sensible solution to their problem. 
In those patients with essentially flail extremities, it is not justifiable to 
prolong active ph 3 '’siotherapy in order to obtain an increase in power of 
involved muscles of as much as 10 to 15 per cent. After reasonable time 
has elapsed, it is better 'to permit this patient to be up with a brace and to 
utilize this time in adapting himself to the use of the brace and in learning 
some trade whereby he can carry on an independent existence throng i- 
out his life. 

This question of how long treatment and immobilization shoul e 
continued before full active use of the extremity and weigh t-beaiing are 


permitted, is extremely difficult to answer. 

In the lower extremity, if there is residual involvement onl}'^ . , 
foot with the rest of the extremity good or normal, the authors ee na 
this foot can be adequatelj'^ protected in a brace and the child can as a i 
be permitted up safety after three to four months. If no further reco'^ 
takes place in the foot, a satisfactory brace-free extremity can si 
obtained bj'^ stabilization of the foot and mirscle transplants, n^cessi 
a minimum loss of time to the patient. If the entire extremity is mr o 
and is showing no evidence of improvement in power, as is 
case when the extremity is completely flail, weight-bearing is ^ 
a brace after six months. While such may occa.sionally occiii, e a 
. ' have seen no completely paralyzed extremity or muscle, w nc ^ 

under adequate care and which remained fla,il six mont s a ^-ahie, 

of the paralysis, show a return of power sufficient to be of rmc i 
regardless of the form of treatment. If the muscles can ® ^ 
as. fair and are still improving in power, set no 

tinned until recovery is at a stationary point. The an ore gjj.ggrie 3 
exact time limit on this, but Bennett and Lenhard state la i^^^ guthois 
all recover}^ was complete b}’’ the end of eighteen mon a 

do not feel that prolonging immobilization and p ysio 
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period of j^ears is in anj'^ way indicated. Cases are seen in which prolonged 
immobilization and prolonged phj'siotherapj'- will increase the power of an 
involved muscle as much as 10 per cent., or increase from a trace to a 
rating of poor, but such is of little benefit to the patient, and is of little or 
no functional value. Such an improvement on a muscle chart is often con- 
strued as tremendously important. Unless the amount of improvement 
is sufficient to render the muscles of value from a functional standpoint, 
prolonged periods of immobilization and physiotherapy are not justified. 

In the upper e.xtremity, the same general plan of treatment is fol- 
lowed. If there is evidence of improvement, immobilization and protection 
are continued, but if an involved muscle remains completely paralyzed for 
six months, in spite of adequate constant protection and care, as is often the 
case in the deltoid, there is no reason foi- prolonging the active treatment. 

SUMMARY" 

The results in this series of 160 cases of recent anterior poliomyelitis 
extending over a four-year period seem to indicate that the type of early 
treatment has little or no effect on the course of the disease and alters 
little, if anj", the degree of residual paralysis which is seen. 

Clinical evidence shows that the amount of residual involvement is 
primaril}" dependent on the degree of initial paralj^sis and the amount of 
actual destruction which has taken place in the anterior horn cells. There 
is no way of accuratelj" determining this during the acute illness, but it is 
at this time that the die for the final picture is cast, and orthopaedic 
measures probably alter little, if any, the course of the disease. 

Immobilization and protection are indicated for three reasons: (1) 
the comfort of the patient during the acute stage, (2) the prevention of 
deformities, and (3) the prevention of stretch paralysis in the involved 
muscles. 

Therefore, the early orthopaedic measures actually employed are of 
little importance in restoring power to the paralyzed muscles, but may be 
used so long as they are not actually" harmful to the involved muscles. 
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THE INTERMUSCULAE, LATERAL APPROACH FOR 
REMOVAL OF A CERVICAL RIB * 

BY SAMUEL KLEINBERG, M.D., P.A.C.S., NEW YORK, N. Y. 

Several years ago the author had occasion to operate on a rather 
large cervical rib. The rib produced a considerable bulge on the side of 
the neck, and was so readily palpable that it seemed subcutaneous. 
The best way to remove this rib appeared to be the most direct ap- 
proach through an incision on the lateral aspect of the neck directly in 
front of the trapezius muscle, instead of through an anterior horizontal 
incision over the sternomastoid muscle, which is far removed from the 
lateral surface of the vertebra, and hence from the proximal extremity 
of the rib. The lateral approach was used and the removal of the rib 
was found to be very simple. The author beheves that it is not ade- 
quately appreciated that the lateral mid-cervical approach permits an 
unusually easy access to a cervical rib through an avascular, intermuscu- 
lar route. He has used this avenue several times and on each occasion 
has found it safe, adequate, and satisfactory. 

ANATOMY 

In studying a cross section of the neck (Fig. 1), it is found that the 
cervical spine divides the neck into an anterior, prevertebral compart- 
ment containing the larynx, trachea, oesophagus, large blood vessels, 
the cervical and brachial plexuses, and many muscles, and a posterior 
compartment containing chiefly muscles arising from, or attached to, 
the posterior part of the skull and the lateral and posterior cervical 
vertebral processes. These conipartments are separated laterally b} 
extensions of the deep cervical fascia, which attach to the transveise 
processes of the cervical vertebrae. Thus at the level of the seventh 
ceiwical vertebra a cervical rib has its origin between the muscle poups 
of the prevertebral and postvertebral compartments. Moreovei, it ma} 
be noted that at this site (Fig. 2), there are no important vessels oi nencs 
requiring special attention. The spinal accessory nerve enters the tiape 
zius considerably above the level of the seventh cervical, and the tians^ 
verse cervical artery is below it. One might perhaps cut a few fi 
the supraclavicular cutaneous branches of the cervical plexus, ut 
is not a serious sacrifice. This arrangement of the tissues peimits 
muscular access to the transverse process of the seventh ceivica "ici 
bra, and hence to a cervical rib. 

TECHNIQUE 

An oblique incision of two and one-half inches, parallel to 
of the neck, is made in the posterior triangle of the neck a little e 

* Read before the Orthopaedic Section of the New York Academy of * 

February 21, 1941. 
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level of the cricoid cartilage, with the middle of the incision opposite 
the seventh cervical vertebra (Fig. 3). The superficial fascia and 
platysma are cut, exposing the deep fascia, which is incised vertically 
and retracted, exposing the trapezius posteriorly. The trapezius and 
the deep fascia are retracted backward. The tissues seen in the wound 
are, from before backward, the upper trunk of the brachial plexus, the 
scalenus medius and posterior and the levator scapulae. By gently 
retracting the levator scapulae backward, and the scalenus posterior 
forward the base of the cervical rib is immediately encountered (Fig. 4). 
The scaleni (posterior and median) are then gently elevated, e.xposing 
the entire length of the cervical rib and, when present, the fascial or 
aponeurotic band extending downward and forward from its tip. By 
cutting the rib near its origin, it can be raised from its bed to its very tip ; 
the restraining tissues, including the fascial band, can be severed, and the rib 
liberated, freeing the plexus of the pressure caused by the rib and its band. 
The rib and the fascial band can be removed without the hazard of in- 



Fig. 1 


This section, from Callander’s Surgical Anatomy, shows the intermuscular posi- 
tion of the transverse processes of the seventh cervical vertebra. (Courtesy of 
W. B. Saunders Company.-) 

VOL. XXIII. NO. 4. OCTOBER 1941 




864 


SAMUEL KLEINBERG 


jury to any vessels or nerves. In fact in this method of exposure the 
brachial plexus may not be seen, and need not be exposed. On the other 
hand, should it be desirable to inspect the scalenus anterior, it can recadily 
be done by retracting the cut inner edge of the deep cervical fascia. When 
the rib is very large, bulging the scaleni forward, it may be advantageous 
to identify the interval between the posterior and median scaleni, retract 
them in opposite directions, and thus reach and expose the rib, perhaps 
more easily than in the plane between the scalenus posterior and the 
levator scapulae. 

When a cervical rib causes symptoms, they are identical with those 
of the so-called scalenus anterior syndrome, and are due to a constriction 
of the space through which the brachial plexus and the subclavian artor}^ 
pass from the neck into the axilla, with resultant abnormal pressure upon 
the plexus and the artery. The object of treatment is to relieve the 
pressure and irritation by enlarging the space for the plexus of nerves and 
the subclavian artery. This should be possible through either the re- 
moval of the anomalous rib, or division of the scalenus anterior muscle. 
There are cases, many of them, with classical symptoms, in which there 
is no cervical rib. In these instances the anterior approach, popularized 
by Adson and Coffey is preferable, because it affords a thorough exposure 



Fig. 2 


This photograph is also a copy of one in cervical vertebni, 

shows that at the site of the transverse proems of the , jjj^portant ve«c 

and hence the usual position of a cervical rib, there are no large or in i 
or nerves (--I). {Courtesy of W. B. Saunders Company. ) 
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The oblique dark line indicates the incisional appi oach for the removal of a cei vi- 
cal rib. 


of the scalenus anterior, which is often the constricting agent and must 
be released. There are, however, cases like the first herein reported, in 
which the cervical rib was evidently responsible for the symptoms, or 
like the patient (Case 3) for whom transsection of the scalenus anterior 
two years before had not afforded relief, and ivho definitely required an 
exploration of the cervical rib. For these patients the lateral approach 
is indicated. Neither approach is entirely adequate for the thorough 
performance of a complete section of the scalenus anterior and removal 
of the cervical rib. Should both these structures require attention, one 
must employ a combination of the two exposures. 

Adson objects to a lateral incision because the forward retrac- 
tion of the posterior and median scaleni may irritate the brachial 
plexus. He states that paralj'^sis has actually occurred from traction 
on the brachial plexus, but it would seem to the author that, by 
gently retracting the scaleni, only slight pressure would be applied to the 
nerves, and certainly far less than by attempting to remove the cervical 
rib through the interval between the upper and lower trunks of the bra- 
chial plexus as Adson advises. In the author’s own experience, which 
admittedly thus far is too limited to be authoritative, the letraction of the 
scaleni has been possible b 3 ’^ very gentle force, and has caused no nerve 
damage. Actuallj’-, in the lateral approach it is not necessary to expose 
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In this drawing is outlined the intermuscular location of the cervical nb. 
The interval between the levator scapulae and the scalenus posterior must be 
identified. The levator is retracted backward and the scaleni forward, e.vposing 
the cervical rib in the interval between them. 

any of the nerve trunks of the brachial plexus. And even if the upper 
cord or all of the cords of the plexus are exposed, they are seen so plainly 
that manipulation of them can be practically atraumatic. On the other 
hand, in the anterior approach for the I’emoval of the rib one must expose 
not onl}’’ the brachial plexus, but many other important structures, 
necessarily involving extensive handling or instrumentation of alt of 
them. 

CASE REPORTS 

C\SE 1. R. T., female, aged fifteen years, applied at the Clinic at the Hospital 
for Joint Diseases for treatment of a tumor on the right side of her neck. The e.\aniiiia 
tion revealed a mass, the size of a pigeon’s egg, directly behind the clavicular portion o 
the sternomastoid muscle. The roentgenogram levealed bilateral cervical libs arising 
from the seventh cervical vertebra. The rib on the right side was much laiger t lan 
that on the left side, which accounted for the appearance of a tumor. 

An operation was performed through an oblique four-inch incision on the a era^ 
aspect of the neck. The cervical rib was exposed in the interval betveen the ev. 
scapulae and the scalenus posterior. The cervical rib was found to 
with the first true rib. The anterior extremity of the cervical rib was occupie 
osteochondroma. The cervical rib was osteotomized near its vertebral origin, was 
up and freed from the adjacent tissues by dull dissection; and removed bj duar 
ing it fi om the first rib. Healing took place by primary union; there were no comp 
tions, and the patient w'as relieved of a conspicuous mass in the neck. 

Case 2. Mrs. L. G., forty-two years old, was referred to tlie author for 
and increasing pain in the right arm, pain in the right side of the nec an n^ 
of the small and ring fingers on the same side. The symptoms had appcarc 
months previously without any known cause. The examination rev ea 
cervical ribs of approximately equal size. Up to tliis time she ha no 
symptoms on the left side. She had had some conservative treatmen le 
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ing the author, who continued the conservative treatment for several weeks without any 
relief. She was, therefore^ admitted to the Plospital for Joint Diseases for removal of 
the right cervical rib. 

The operation was performed through a three-inch oblique incision over the lateral 
aspect of the right side of the neck at the level of the seventh cervical vertebra. The 
rib was easily e.xposed by the intermuscular route described in the consideration of the 
technique. The rib consisted of a large hornlike process from the tip of which extended 
a strong aponeurotic band, one-quarter inch wide, which extended downward and was 
attached to the fii'st rib. When the band was cut, there was an immediate release of the 
first rib, and the whole shoulder seemed to drop down. The cervical rib was osteoto- 
mized at its base and readily removed. The pain in the neck and right arm persisted 
for several weeks, but ultimately was completely relieved, and the patient returned 
to her occupation, as a stenographer. 

Case 3. Mrs. M. 0., twenty-four years old, was referred for persistent severe 
pain in the right arm, which was relieved only when the patient remained in bed support- 
ing her arm in a sling. She had had the symptoms for a number of years. Two years 
previously she had had an operation on the right side of her neck by an eminent surgeon 
who, in the absence of roentgenographic evidence of a cervical rib, diagnosed the condi- 
tion as a scalenus anterior syndrome. At operation he found a greatly thickened 
and hypertrophied scalenus anterior which he sectioned. The symptoms, however, 
were not relieved. Consequently when the author saw this patient, he decided that 
the etiological basis for the continuation of the symptoms was an aponeurotic band, 
extending between the right transverse process of the seventh cervical vertebra and the 
right first rib, and causing pressure upon and irritation of the brachial plexus. 

At operation the right transverse process of the seventh cervical rib was exposed 
in the manner already described. A small, narrow, but tight, fascial band extending from 
the transverse process down into the neck was found. The transverse process and the 
fascial band were easilj’- removed. The brachial plexus was explored for possible ad- 
ventitious bands pressing upon it, but none were found. The symptoms persisted for 
several weeks after the operation, but gradually faded out so that the patient was able 
to resume a normal, active life. 


SUaiMARY 

The author does not intend to minimize the importance of the 
anterior approach when the essential element in the operation is the 
release of the scalenus anterior. It is, perhaps, needless to empha- 
size, that in undertaking the sectioning of the scalenus anterior, the sur- 
geon must be continuously on his guard not to injure the man}'^ important 
structures Ijdng underneath the sternomastoid muscle. Donald and 
Morton call attention to a patient operated upon through an anterior ap- 
proach in whom the thoracic duct was lacerated. Thej" quote Spurling 
and Bradford, who commented on the occurrence of temporary paralysis 
of the diaphragm following traction on the phrenic nerve which is 
in intimate relation with the scalenus anterior. In the lateral ap- 
proach no such important structures are encountered. The author is 
not here entering a plea for the exclusive use of the lateral approach in 
cases with symptoms of the scalenus anterior s3mdrome, but wishes onl3’ to 
direct attention to the fact that, when it is primaril3" desired to remove 
a cervical rib or the band of connective tissue extending downward from 
it, the lateral approach offers a simple and safe method for its performance, 
and has the following distinct advantages: 
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1. Accessibility to the lib in the intermuscular region between the 
levator scapulae posteriorly and the scaleni anteriorly. 

2. The entire rib can be removed by freeing its proximal extremity 
and elevating it from behind forward from the adjacent muscles. 

3. The aponeurotic or fascial band extending downward from the 
tip of the rib, which itself often causes pressure on the brachial plexus 
and subclavian artery, can be severed, and its pressure effect removed. 

4. The approach is avascular, since no important vessels are en- 
countered. 

5. There is little danger of damaging the brachial plexus and sub- 
clavian vessels because they are protected by retraction of the scaleni. 
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GRADATION OF EWING’S TUMOR 
(ENDOTHELIAL MYELOMA) * 

BY WILLIS C. CAMPBELL, M.D., f AND J. F. HAMILTON, JI.D., 
JIEMPHIS, TENNESSEE 

The available literature contains no record of an attempt to grade 
Ewing’s tumor, so a serious study has been made of thirty patients, par- 
ticularly with reference to microscopic findings of the tumors, in an effort 
to find reliable data which would aid in grading the malignancy of this 
entity. These thirty patients were selected from a total of forty-two with 
similar tumors; the others were rejected because of insufficient data for 
the present purposes. This must be regarded purely as a preliminary in- 
vestigation. Obviously, moreover, a study of this kind, regardless of 
how painstaking, is fraught with many pitfalls and personal-equation 
errors. 


HISTORY OF GRADING MALIGNANCIES 

To Broders - must be given the credit for introducing and populariz- 
ing the method of grading malignant neoplasms. In 1920, he published 
an analysis of 537 cases of carcinoma graded by the figures 1, 2, 3, and 4 to 
indicate the degree of malignancy, from the lowest to the highest. Among 
other things, he based the degree of malignancy upon the proportion of 
differentiated and undifferentiated tumor tissue, the number of cells with 
large nucleoli (so-called “one-eyed” cells), and mitoses. The Broders sys- 
tem of grading carcinoma is now generally accepted as being of definite 
prognostic value. 

The grading of sarcoma has been attempted only within the past few 
years. Meyerding, Broders, and Hargrave^ have published two papers 
dealing with the grading of soft-tissue sarcoma. They have divided these 
tumors into the following three types: (1) fibrous, (2) fibrocellular, and 
(3) cellular. This division was predicated upon the histopathology, — that 
is, (1) the extent of fibrogenesis, (2) the relative proportion of fibers and 
cells, and (3) the amount of differentiation of the cells. 

ORIGIN OF swing’s TUMOR 

That endothelium is derived from the mesoderm * no one will question, 
though embryologists and histo-anatomists are undecided as to the com- 
position of the mesoderm. Opinion is divided as to whether it is composed 
of a part of the ectoderm, or entoderm, or of both. The majority of ob- 
servers favor the latter theory. If this be true, there is little wonder that 
the occasional Ewing’s tumor, which portrays organoid or histoid qualities, 

* Read at the Annual Meeting of The American Academy of Orthopaedic Surgeons, 
New Orleans, Louisiana, January 14, 1941. 

t Deceased. 
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may confuse even the most experienced observer as to whether it is 
atypical carcinoma or atypical sarcoma. Zeit, from a study of the mor- 
phological and histogenic characteristics of endothelial tumors, concluded 
that the cells were of a type intermediate between epithelial and con- 
nective-tissue cells. 

The exact origin of Ewing's sarcoma, therefore, is still unsettled; what 
is known regarding its histogenesis is based on conjecture. In a previous 
article one of the authors called attention to the dilferent opinions 
which have been proposed by Melnick, Oberling, Connor, Ewing. Ges- 
chickter and Copeland, Kolodny, Colville and Willis, and Hirsch and 
Ryerson. The authors regard the tumor as of subperiosteal or intra- 
cortical perivascular endothelial origin, even though postmortem findings 
in one of their patients ® revealed the left suprarenal gland involved bj" 
the tumor. They believe the tumor in the suprarenal gland was not a 
primaiy growth, unless this neoplasm is characterized by multiple primaiy 
origins. Further discussion of this topic is not apropos to the title of this 
paper. 

The present study has been approached from a broad point of view, 
in an attempt to correlate the clinical findings, both subjective and ob- 
jective, the roentgenographic evidence, and the therapeutic results with 
detailed microscopic data. 


CLINICAL FINDINGS 

Pain was the most constant single clinical finding in the thirty pa- 
tients. Almost every one suffered at one time or another with pain of a 
boring or throbbing character, which was usually worse at night. All le- 
ported freedom from pain at intervals. As to the presence of fevei an^ 
leukocytosis, which are believed to be commonly associated with Ewing s 
tumor at some time during its course, the records were not sufficient 3 
complete for statistical purposes. The palpation of a tumor was a 
wa3^s possible because of overling soft-tissue structures, or because 0 1 s 
location in an inaccessible region. Locally, the condition of the skin, cu 
dilation, and temperature were of little diagnostic value. 

Of the series of thirty patients, nineteen gave a history of synip om 
for a period of one year or less prior to admission. Only two of t lese ai 
alive; one (Case 1) reported symptoms of twelve months duiation, a 
the other ("Case 6) gave a history of symptoms of four months 
The latter had three biopsies and was given roentgen theiapy an 0 
toxin, but did not have an amputation. Of those Avith 9g 

tAVO to four years before admission (ten patients), tAAm are living ( as 
and 28 ). One patient aa^s excluded because no definite lecoi 

duration of his symptoms Avas available (Case 18 ). ntintoni.-^ 

The average “tumor life" of the seventeen patients wit 
of one year or less on admission Avms one 5"ear and &ve mon s, 
the eight patients AA-ith s3^mptoms of more than one yeai s 
aA'^erage tumor life AA'as fiAm years and seA’en months. 
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if any, may be placed in the fact that those with symptoms of two years or 
more before admission lived an average of four times as long as the group 
with sjunptoms of one year or less, we are not prepared to state 
definitel}^ Rather than attribute anj'- significance to the longer duration 
of symptoms as having, of itself, anything to do with the longer average 
tumor life, we would prefer to call attention to the possibility that the 
higher average mitotic-figure count — 7.2 in the first group, with a short 
histoiy, as compared to a count of 6.3 in the second group, with a longer 
historj’’ — is the important factor in the resultant disproportion of length 
of tumor life of the two groups of approximately four to one. There 
were eight, or 42 per cent., of nineteen patients in the group with the 
shorter preadmission clinical course, with nine or more mitotic figures, 
against two, or 20 per cent., of ten patients in the group with a longer pre- 
admission course. The duration of s^'^mptoms and mitotic-figure count 
may be interrelated and even interdependent ; a long tumor histoiy may 
be associated with diminished cellular activity. 

SITE OF PRIMARY TUMOR 

In two (Cases 1 and 6) of the four living patients, the primary tumor 
was in the tibia, while in the other two, the tumors were in the femur and 
ulna respectively (Cases 26 and 28). The average tumor life of the nine 
patients with the primary tumor either in the pelvic bones, ribs, or verte- 
brae was two years and one month whereas the tumor life of those nith a 
lesion of the extremities (fifteen patients) was three years and four months. 
Thus, as a rule, those patients nnth a lesion in the torso lived a much 
shorter time than those vith a tumor in the extremities. Whether the 
anatomical site or the type of treatment each group received, or both, was 
responsible for this disproportion in the length of tumor life cannot be 
definitely stated. The tumors of the torso had an average mitotic-figure 
count of seven and four-tenths as compared to an average count of six and 
four-tenths in those of the extremities. 

roentgenographic findings 

Condensation, as revealed by roentgenograms, is the earliest bone 
manifestation of Emng’s tumor, being especially apparent in young pa- 
tients. In a previous publication, one of the authors ■* called attention to 
three stages of osseous change presented by the tumor in the roentgeno- 
grams, as follows: “(1) condensation of the shaft of the bone without re- 
action of the periosteum , . (2) the typical invasion with expansion, 

striation, and destruction of the cortex, and reactive bone production of 
the periosteum in layers (onion peel) ... ; (3) disintegration of the peri- 
osteal layers and shaft with extension of the tumor to surrounding parts. 
The remains of the periosteum are apparent by marked lipping near the 
junction of the normal shaft and the tumor”. It occurred to the authors, 

* This stage, unfortunatelj’', is observed rarely as most cases are not seen at so early 
a period . . . 
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therefore, to compare roentgenograms of patients seen early with those of 
patients seen after real bone destruction had taken place, to determine 
whether these observations would reflect in any way the degree of malig- 
nancy. Six patients, five of whom are dead, were first seen during the 
stage of condensation only of the bone, and twenty-three, twenty-one of 
whom are dead, were observed after bone destruction had taken place. 
The average duration of symptoms before admission in the five of the 
former group was ten months, as compared to a life of eleven months after 
admission and the institution of radical treatment. In the group of 
twenty-one patients, the average duration of symptoms before admission 
was one year and four months, as compared to an average life of one year 
and seven months after admission. The tumor-life average in the first 
group was one year and nine months, whereas in the second group it was 
two years and eleven months. The average mitotic-figure count was 
eight and two-tenths in the first group, as compared to seven in the 
second group. This is believed to be of prognostic significance. 

The above observation seems to contradict previous teachings insofar 
as it relates to Emng’s tumor, — that is, that the sooner a diagnosis is made 
and radical treatment applied, the better will be the prognosis. Accord- 
ing to the authors’ observations, therefore, if a patient is seen with the 
earliest roentgenographic osseous reaction to the tumor — namely, con- 
densation — a more guarded prognosis should be made than if he is seen 
later, after bone destruction has taken place. This would seem to lend 
support to recent deductions made by Ferguson from a study of 400 cases 
of osteogenic sarcoma gathered from the Registry of Bone Sarcoma of the 
American College of Surgeons, to the effect that if a patient is seen in the 
early course of the disease (first six months) and treated conservatively 
(with roentgenotherapy, for example), a better prognosis may be given 
than if radical treatment, such as amputation, has been instituted. Fer 
guson concluded that the factor of time influences the prognosis. It is 
likely, however, that the real factor in this apparent paradox is the ce 
lular activity as measured by the mitotic-figure count. 


TREATMENT 

The treatment of the authors’ patients included amputation foi ^ 
teen patients, or 50 per cent.; resection for two patients, or 6.6 
(Cases 13 and 16) ; roentgen therapy for twenty-six patients, or ■ 
cent.; and Coley’s toxin for eight patients, or 26.7 per cent. (Cases < 
10, 11, 13, 16, 21, and 28). The four (13.3 per cent.) living pa bents ( as s 
1, 6, 26, and 28) were treated as follows: Case 1, A. L. 
alive fourteen years after onset of symptoms; Case 6, J. 0. •, reei 

therapy and Coley’s toxin, alive ten years and nine montis, 

M. H., radium, roentgenotherapy, and amputation, alive five 
months; and Case 28, B. C., roentgenotherapy and ® 

three years and six months. The authors wish to emphasize e ^ 
the tumors of all but one of the four living patients fell in t le gro 
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Mitotic Cell Activity 

That mitosis is an evidence of cellular growth activity is recognized 
by all pathologists. A given number of mitotic figures per microscopic 
high-power field wall indicate, in a measure, at least, the relative degree of 
cell activity in a tumor. In addition, the sizes and forms of the mitotic 
figures is thought to express to some extent the malignant proclivities of a 
tumor. Atypical, bizarre-shaped mitotic figures were seen in practically 
all of the tumors. The series were studied with the foregoing ideas in 
mind, and the tumors were divided into three grades, according to the 
number of mitotic figures per high-power field. There were fourteen 
tumors in Grade 1, with from one to five mitotic figures; nine in Grade 2, 
wdth from six to ten figures; and seven in Grade 3, with from eleven to 
fifteen figures. 

Of the thirty patients, four (Case's 1, 6, 26, and 28) are living, four- 
teen years, ten years and nine months, five years and six months, three 
years and six months, respectively. The other twenty-six patients died of 
metastases. The tumors of the first two and the fourth living patients 
were of Grade 1 , while that of the third fell in Grade 2. The family physi- 
cian * of the latter patient recently informed the authors that there was 
no evidence of recurrence of the tumor, five years and six months after the 
onset of symptoms. 

The average length of tumor life of the patients with Grade 1 tumors 
was three years and nine months, excluding Case 18; the longest was 
eleven years (Case 8) ; and the shortest ivas eleven months (Case 3). Two 
patients (Cases 8 and 13) lived eleven years and five years and seven 
months, respectively. Excluding those living over five years (Cases 1, , 
8, and 13), the average tumor life Avas two years; the longest three years 
and six months (Case 28), and the shortest eleven months (Case 3). 

The eight patients Aidtli tumors in Grade 2 had an average tumor r e 
of three years and nine months. The longest ivas nine years and ^ 

(Case 11), and the shortest one year and five months (Case 12). ‘"i 

patients who lived over five years were excluded (Cases 11, 16, mi 
the average tumor life of the remaining six ivould be two years anc 
months; the longest, three years and eight months (Case 22), anc 

shortest, one year and five months (Case 12). • c i le3 

The average tumor life of the seven patients with tumors m r c , 
haAung eleAmn or more mitotic figures per high-power ^ 
and six months; the longest Avas tAAm years and ten mcrnths ( ase ^ ^ 
the shortest Avas eight months (Case 27). All the patients 
this grade are dead. _ . ^ 

The difference of approximately two to one in the leng i 
the onset to death betAveen patients Avith Grade 1 tumors, cx 
those who are liAdng, and the patients AAdth Grade 3 iu- 

whereas, if the Imng patients are included in Group 1, ipndli of 

creases to approximatelj’" three to one. The difference in 
* Dr. C. H. Lutterloh, Hot Springs, Arkansas. 
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life of the patients with Grades 1 and 2 tumors is less striking. This is 
explained by the fact that in four, or 44 per cent. (Cases 11, 12, 17, and 
26) of the nine tumors in Grade 2, the mitotic-figure count was only six, 
which would place these four on the border line between the two groups. 
One of the four patients (Case 11) lived nine years six months after the 
onset of symptoms. 

Although from this microscopic data one cannot state that a patient 
will li^'e a certain period merelj'- because of a mitotic-figure count of five or 
less, one can state that such a patient’s life expectancy is two to one 
better than that of a patient with a mitotic-figure count above ten. 

SUMMARY AND CONCLUSIONS 

The grading of Ewing’s tumor, as of carcinoma and sarcoma, is ex- 
ceedingly difficult. A number of factors make this so, among them, and 
most conspicuous in this study, is the total lack of differentiation of the 
tumor cell. This being true, the prognosis should always be guarded. 

In order to discover, if possible, some criteria for estimating the 
degree of malignancy of Emng’s tumor, we have made a study of 
thirty cases from the standpoint of clinical findings, roentgenograms, 
therapeutic results, and microscopic features. The nuclear chromatin 
content, and the cell activity as measured by the number of mitotic figures 
per high-power field, seem to be the most significant of our findings. A 
classification of the tumors according to their chromatin content indicates 
that those containing a large number of chromatin knots are probably 
more malignant than those containing a lesser number. 

In studying the cellular activity, the tumors were divided into three 
grades, according to the number of mitotic figures in a high-power field, as 
follows: Grade 1, one to five figures; Grade 2, six to ten figures; and Grade 
3, eleven to fifteen figures. It would appear that a patient with a tumor 
having five or less mitotic figures (Grade 1) has approximately a 23- 
per-cent. chance to sur\dve ten years and a 31-per-cent, chance to live 
five years, whereas, if the mitotic-figure count is eleven or above (Grade 
3), he vdll probably live little over one year. None of the patients with 
tumors in Grade 2 of this series lived ten years, and three, or 33 iier cent., 
lived over five years, one of whom is alive five years and six months after 
the onset of symptoms. 

The roentgenographic evidence presented by these thirty cases indi- 
cates that the early stage, characterized by bone condensation, goes hand 
in hand vdth increased cellular activity, whereas late bone changes are 
usually accompanied by diminished cellular activity. 

This group of cases is obviously too small from which to draw any 
definite conclusions regarding the gradation of Ewing’s tumor. The 
authors propose, how^ever, to continue their studies and trust that others 
ndll carry out similar investigations. Studies of large numbers of cases 
might throw more light upon this subject and lead to the discover 3 ’- of a 
method of establishing a more accurate prognosis. 
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SCOLIOSIS COMPLICATED BY SPINAL-CORD INVOLVEMENT 


BY CARL W. RUHLIN, M.D., BANGOR, MAINE, AND SEYMOUR ALBERT, M.D., 

IOWA CITY, IOWA 

From the Department of Orthopaedic Surgery, The State University of Toiva Hospitals, 

loioa City, Iowa * 

Scoliosis complicated by cord involvement is an unusual condition, 
as a review of the literature indicates. The seven cases to be presented 
in this clinical review were selected from a series of 2,000 cases of scoliosis 
of all types, excluding those of a traumatic or inflammatory nature 
directly or indirectly related to the spine. Mauclaire, in 1913, first 
described the clinical picture of cord involvement due to scoliosis. Ridlon 
in 1916, Steindler in 1929, and Viets and Clifford in 1932, also described 
this clinical entity. 

There appears to be no consistency as to the age of the patient at the 
onset of the neurological manifestations. The youngest patient in this 
series was six years of age, and the oldest was twenty-one. The average 
age of incidence was fifteen years. Although it is not an exact rule, the 
usual time of occurrence of neurological signs is during adolescence and 
the period of rapid growths 

In this series of seven cases, three were associated ivith rachitic 
scoliosis, three with congenital scoliosis, and one of doubtful etiology was 
associated vdth neurofibromatosis (von Recklinghausen’s disease). In 
no instance was cord involvement observed in the paralytic or habitual 
type of scoliosis. 

In each instance the scoliosis was of a severe type, with the exception 
of one case which was considered moderate. This moderate case, how- 
ever, was associated with a kyphosis. The paralytic signs developed 
regardless of the direction of the primary curve. It was observed, how- 
ever, that all the primary curves involved the high thoracic or cervico- 
thoracic area. Roentgenograms revealed that the primary curve was 
one with a sharp angulation. There were two right thoracic; one right 
thoracic, left lumbar; one left cervicothoracic, right thoracic; one left 
cervicothoracic, right lumbar; one right thoracolumbar; and one left 
thoracic, right lumbar. 

The apex of the primary curve in three cases was found to be at the 
level of the seventh thoracic, in two at the tenth thoracic, and in two 
at the fourth thoracic vertebra. There appears to be a definite relation 
between the level of the apex and the rapidity of development of the 
neurological signs. The three patients with' the apex of the curve at or 
above the level of the seventh thoracic vertebra showed rapid progress of 
the clinical signs (Cases 4, L. S.; 6, M. L.; and 7, C. N.). 

The paralysis developed in spite of what seemed to be adequate 
* Service of Arthur Steindler, M.D. 
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conservative support and treatment. The treatment of the scoliosis in 
the preparalytic state consisted of exercises, braces, corrective casts, anrl 
traction on the torso. One case of paralysis developed during the period 
while the patient was undergoing traction. 

The paralysis progressed rapidly in three cases, slowly in three, 
and remained stationary in one case. The patients who had a rapid pro- 
gression of clinical signs and symptoms were those previously mentioned 
as having high curves of a severe nature. 

Six of the seven patients had both sensory and motor changes. The 
motor involvement was typical of an upper motor-neuron lesion with 
spasticity. One patient had only a sensory disturbance but had a lami- 
nectomy five months after the onset of the sensory signs. 

In three patients the motor signs appeared first and the sensory 
disturbance followed; in four the sensory manifestations were noted before 
the motor signs. 

Trophic changes appeared in only one patient, in the form of a trophic 
ulcer over the buttocks. Sympathetic involvement was recorded in only 
one case prior to operations, and this involvement was of the bladder. 
Of the seven patients, only two had symmetrical manifestations, si.v 
were invohmd bilaterally, and one unilaterally. 

No single series of cases or collective review seems large enough to 
establish any uniform method of treatment to fit every case of cord in- 
volvement due to scoliosis. It is impossible to state from roentgeno 
graphic examination whether or not there is a direct encroachment on t ic 
cord by the osseous portion of the spine. It is definitely known t lat m 
signs and symptoms will clear up under conservative treatment ( 

LaV. F.), but -will shortly recur unless under strict observation m 


adequate immobilization. _ ..-fvc 

Six of the patients in this series had an adequate trial of conseua 
treatment; the one with only sensory changes was laminectomizec 
Only tivo patients showed improvement under traction, m 
improvement was considerable. The improvement in both v as ® 
rary, ho-wever, and there was a retui'n of the neurological mam es a 
Spinal fusion gives no assurance of arresting the ,• 

symptoms and signs. One patient (Case 1, B. K.) had a usion op * 
by the combined method of Steindler®, and there was an increa 
neurological manifestations in spite of a solid bony fusion o 
length. The neurological signs slowly progressed over a pen ^ 

years, at which time the patient reached the end of ler block 

Once the condition has been observed and a comp etc or 
is believed present, laminectomy seems to be the met rot ® 
literature offers ten cases in which laminectomy u as per 

Five of the authors' patients were treated by , gjjowing a® 

showed definite improvement, — ^the one (Case 3, ■ • ‘ ^ An 

improvement died three years postoperatirely ® arc 

autopsy was not alloived. The rasults of the opera 
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lakpii uj) in detail in ilic case histories and neurological charts. The 
results of laminectomy were considered good when the patient showed a 


complete or nearlj"^ complete restora- 
tion of his motor status, and at least 
partial recovery of his sensory status. 
The only sequelae in the patients in 
whom the results were considered as 
good were a small patch of impair- 
ment of superficial sensation and a 
slight motor weakness of the lower 
extremities, noted after strenuous or 
prolonged exercise. The findings at 
the time of the laminectomy were 
torsion of the cord in four cases, and 
direct pressure on the cord in only 
one. The direct pressure was from 
a bone ledge and not from direct 




Fig. 1-B Fig. 1-C 


Fig. 1-A: Case 1. B. K. (C-3656), October 29, 1929, aged six, was admitted with a 
moderately severe right thoracic, left lumbar curve, nineteen months before fusion. 
The motor signs had appeared prior to the sensory. 

Hatching shows area of diminished sensation to pain, cotton, and temperature. 

Gait: There was slight weakness and spasticity of the left leg. 

Reflexes: Increase in knee jerk and Achilles tendon; no ankle clonus or Babinski. 

Fig. 1-B; Case 1. B. K. (C-3656), January 17, 1933, twenty months after fusion. 

Cross hatching shows sensation to pain, diminished; to cotton, 50 per cent.; to tem- 
perature, absent. 

Gait: There was increased spasticity and generalized muscle weakness of both legs. 

Reflexes: Bilateral knee jerk -f- + -h ; bilateral Achilles tendon bilateral ankle 

clonus. 

Fig. 1-C: Case 1. B. K. (C-3656), May 1,_ 1935, four years after fusion. 

Hatching shows area of diminished sensation to cotton; and cross hatching, area of 
anaesthesia. 

Gait: There was spasticity and generalized muscle weakness of both legs. Patient 
wore short leg braces and used crutches. 

Reflexes: Bilateral knee jerk -1- -p -p -k ; Achilles tendon -p-p-p-p; ankle clonus; Ba- 
binski. 
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compression by the vertebra. The dura was opened in all cases, and in 
four there was no evidence of a total block. In all patients on whom a 
laminectomy was performed, the possibility of cord tumor had been 
considered. - 

In two patients who had exploratory operations eighteen months 
and fourteen months following laminectomy, it ^Ams found that tlie 
defect was filled in with tough fibrous tissue. Intermingled in this toiigli 
fibrous tissue there were many bone spicules, but there was no actual bony 
closure of the laminal defect. The combination of fibrous tissue and 
islands of bone within this tissue made it necessary to use rongeurs in 
reopening the laminal space. 


CASE EEPOETS 


Case 1. B, K. (C-3656), aged six years, was admitted with a right thoracic, left 
lumbar curve which had been noticed eighteen months before admission. Although 
the history was not adequate, it was believed to be a congenital curve. For six months 
before entrance the curve had been increasing rapidly. 

Physical examination revealed a moderately severe right thoracic, left lumbar sco- 
liosis which was in the compensated position. There was a suggestion of weakness and 
spasticity of the left leg with an increase in the patellar and the Achilles tendon reflexes. 
Babinski and ankle clonus were absent. There were diminished sensations of the left 
lower extremity (Fig. 1-A). 

The treatment was conservative and e.xpectant over’ a period of one year. In spite 
of what seemed adequate support, an increase in the curvature was noticed, the spasticitj 



Fig. 2-A ,i,,vs 

Pig. 2-A: Case 2. H. C. (38/10918), May 16, 1936, aged signs 

before operation, had a moderately severe left thoracic scoliosis. 
had appeared prior to the motor signs. , i * i inss of sensation. 

Hatching shows area of diminished sensation; and cross hatcn g, 

Gait: There was spasticity in the left leg. 

Reflexes: Knee jerk -f -b +. . nrcssure; globulin 

Spinal fluid: Pressure six millimeters of mercury; no rise on j g I 

-b-b-b; lymphoc3'tes eight per 100 cubic millimeters. eration. 

Fig. 2-B: Case 2. H. C. (38/10918), July 3, 1936, o"® f oT sensation- 

Hatching shows area of diminished sensation; and cro- - > 

Gail: Normal; no spasticity of the left leg. 

Reflexes: Normal. 

the aounxAE of bo.ve axu 
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of the giiit was pronounced, all reflexes of the lower extremities were exaggerated, 
a Babinski was present, and a sustained ankle clonus was present bilaterally. 

An attempt was made to relieve the possible cord pressure by cori'ection in a Risser 
jacket. Correction of the curve was .satisfactorj% but there was no improvement in the 
neurological signs. A fusion of the spine was done at this time, nineteen months after 
admission. 

The fusion held well and there was no increase in the scoliosis. In spite of a suc- 
cc-ssful fusion, the neurological signs increased (Figs. 1-B and 1-C). 

C.\sE 2. H. C. (38/10918), aged fourteen years, was admitted Maj' 16, 1936, with 
a moderately severe left thoracic scoliosis of two years’ duration. The spine was ex- 
tensible. On admission there was no evidence of neurological disturbances. The 
curvature was thought to be rachitic. 

Conservative treatment was carried out until June 3, 1936, at which time the patient 
complained of a tingling sensation in the feet and a spastic gait of the left leg (Fig. 2- A). 
Laminectomj' was performed on the thoracic spine from the first to the fifth thoracic 
vertebrae. The cord was found to be pulsating and no direct pressure could be found. 
There was, however, a distinct tension of the cord due to torsion. The postoperative 
course was uneventful. 

One month after the operation there was a distinct improvement in the sensory 
findings; no pathological reflexes could be elicited; and the spasticity had disappeared 
(Fig. 2-B). 

A spine fusion was performed on October 6, 1937. The soft tissues were stripped 
from the transverse process for a short distance laterally and the bone bed made at the 
junction of the transverse process with the lamina just distal to the superior articular 




Fig. 3-A; Case 3. S. R. S. (F-11), October 9, 1930, aged twenty-one, was admitted 
with the diagnosis of severe thoracolumbar kypho.scoliosis, twelve weeks before operation. 
Patient was unable to tell whether motor or sensory signs had appeared firet. Bowel and 
bladder were normal. 

Cross hatching shows area of anaesthesia. 

Gait: There was spasticity of left leg. 

Reflexes: All hyperactive; bilateral ankle clonus. 

Fig. 3-B; Case 3. S. R. S. (F-11), November 30, 1932, twenty-two months after 
operation. There was bowel and bladder retention. 

Cross hatching shows the area of anaesthesia. 

Gait: There was spasticity of both legs. 

Reflexes: Bilateral ankle clonus. 

Patient was followed for three years, during which time there was no return of func- 
tion. Patient died from pneumonia. 
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process. When sufficient bone bed had been developed, a tibial graft was laid on the 
bone bed throughout the enthe region of the laminectomy on both sides of the spine. 
The result was good. 


Case 3. S. R. S. (F-11), an achondroplastic dwarf, aged twenty-one years, was 
admitted October 9, 1930, with a severe lumbar kyphoscoliosis. Nine months before 
admission the patient had been unable to lift the left foot off the ground, and had noticed 
also a disturbance of sensation. 

Physical examination showed a marked thoracolumbar kyphoscoliosis, and marked 
spasticity of the left leg with anaesthesia (Fig. 3- A). The reflexes were hyperactive and 
there was bilateral ankle clonus. Bowel and bladder control were normal. 

Traction on a curved frame was carried out for twelve weeks with no improvement; 
so, on January 25, 1931, a laminectomy was performed including the ninth to the twelfth 
thoracic vertebrae. There was an absence of pulsation, but no direct pressure, and a 
torsion of the cord was foimd. Immediately after the operation there was bladder reten- 
tion, loss of bowel control, and an increase in the area of anaesthesia (Fig. 3-B). On 
opening the incision, large blood clots were found and removed. Suprapubic drainage 
wras necessary. 

The patient died three years later of pneumonia without having had an 3 '’ return of 
function. 


Case 4. L. S. (38/15458), aged sixteen years, was admitted May 27, 1930, 
with a diagnosis of a left thoracic scoliosis and von Recklinghausen’s neurofibromatosis. 
The scoliosis had been recognized two and one-half years before admission, and had been 
increasing rapidly. On admission all reflexes of the low’er extremities w’ere exaggerated, 



Fig. 4-A „ 

Fig. 4-A ; Case 4. L. S. (38/15458), aged sixteen w-as admitted Rffiy 
left thoracic scoliosis, von Recklinghausen s neurofibromatos > , upf^re operation. 

The chart show's changes in sensation on June 16, 1936, five montns 
The motor signs had appeared prior to the sensory. nrea of anaesthesia. 

Hatching show's area of diminished sensation; nffpirs 

Gait: There was progressive spasticity; generalized weakn b ■ 

i?e/f exes; Exaggerated; Babinski; ankle clonus. nonfimeters: protein 

Spinal fluid: Sugar eight3r-six milligrams P®.*' , of mercur}" no incrca-c 

milligrams per 100 cubic centimeters; pressure eight miliim 

on jugular pressure. „ fnliowimr 

Fig. 4-B: Case 4. L. S. (38/15458), Jidy. 25, jSdSr^g. 
operation. Patient W'ore back brace and had just starte g 
Hatching show's area of diminished sensation. 

Gait: Power in the lower extremities was increasing. 

a-„Eiounx..norBOXEAxnioixTm-nr.ui 
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a Bal)inski was present, and a sustained ankle clonus. Theie were no sensory disturb- 
ances on admission. 

The patient was placed in traction and treated conservatively until June 16, 1936, 


when sensory changes were revealed a.s well 
as motor involvement (Fig. 4-A). Traction 
was continued until November 17, 1936, 
with no improvement in either the motor or 
sensory conditions. 

On November 17, 1936, a laminectomy 
was performed from the seventh cervical to 
the sixth thoracic vertebrae. On exposure 
of the cord a definite kink was demonstrable 
at the level of the third and fourth thoracic 
vertebrae. There was pulsation of the cord, 
and no direct pressure was found. 

Immediately after the operation there 
was an exaggeration of all symptoms and 
signs, with a loss of bowel and bladder 
control. Because of the persistent increase 
in neurological signs the wound was opened 
three days following the laminectomy and 



Fig. 5-A 



Fig. 5-B 


Fig. 5-C 


Fig. 5-A; Case 5. LaV. F. (38/15079), February 15, 1938, aged thirty-three, twenty- 
six years after onset of scoliosis and six months following onset of the neurological signs, 
was admitted with a marked right thoracolumbar scoliosis with rotation. 

Hatching shows sensation to pain, absent; to cotton, 75 per cent.; to temperature, 
normal. 

Gait: Spastic; ataxic; general muscle weakness of legs; patient used crutches. 

Reflexes: Knee jerk Achilles tendon + + ; ankle clonus; Babinski. 

Fig. 5-B; Case 5. LaV. F. (38/15079), May 11, 1938, after three weeks of head and 
pelvic traction. 

Stippling shows area of hyperaesthesia. 

Reflexes: Same as on February 15, 1938. 

Fig. 5-C; Case 5. LaV. F. (38/15079), November 13, 1939. 

Hatching shows area of diminished sensation; cross hatching, area of anaesthesia; and 
stippling, area of hj'peraesthesia. 

Gail: Unable to walk. 

Reflexes: Knee jerk -k-k + d-; Achilles tendon -k-k-k-k; Babinski; ankle clonus; 
loss of position sense. 

Spmal fluid: Rise on jugular pressure. 
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several large clots expressed. The operative site was drained with penrose tubing for 
twenty-four hours. 

Examination on February 1, 1937, three months after operation, revealed a definite 
improvement in sensory and motor involvement. The bowel and bladder disturbance.s 
had cleared up. The sensory disturbance was the fii'st to improve. Since February 1, 
1937, the patient has made a slow but steady progress. There is still some weakness of 
the lower extremities, in greater part due to disuse; there is also a decrease in the spas- 
ticity, as well as less exaggeration of the reflexes (Fig. 4-B). 

Case 5. LaV. F. (38/15079), aged ten years, was fu-st seen March 27, 1915, 
at which time he had a marked right thoracolumbar scoliosis with rotation. Tlie con- 
dition was partially corrected and a cast was applied with the patient on the Abbott 
frame. He wore a scoliosis brace untU 1923. The patient was lost to the Clinic for 
five years and became considerably worse. In January 1928, he revealed hyperactive 
reflexes and a positive Babinski. Traction on a curved frame relieved his symptoms and 
he was allowed to be ambulatory in a brace. He was again lost to the Clinic until 
February 1938, at which time the scoliosis had increased and the neurological signs 
revealed cord involvement (Fig. 5-A). The patient was placed in traction and showed 
marked improvement (Pig. 5-B). He was then allowed to return home on condition 
that traction be maintained. The traction was not carried out and he again became 
progi'essiveb’^ worse, until walking became an impossibility (Fig. 5-C). Laminectomy was 
not performed because of his poor physical condition. The spine is still uncompensated. 

Case 6. M. L. (4522), aged seventeen years, was admitted March 27, 1920, 
with a scoliosis, which had been noticed two years prior to admission and had been 
slowly increasing in severity. Patient also had had occasional numbness of the legs, 
more pronounced three weeks before admission. There was no history of injury to the bac •. 

Examination revealed a moderately severe right thoracic curve with wedging of t ic 



Fig. 6-B 


Fig. 6-A : Case 6. M. L. (4522), March 27, 1920, aged seventeen, p/orE 

operation, had a moderately severe right thoracic curve with v edging 
vertebra. Sensory signs had appeared prior to motor. 

Cross hatching shows area of anaesthesia. 

(rai't; There was spasticity', with muscle weakness. i -i j Bohinski; bilateral 

Reflexes: Knee jerk -f + + -!-; Achilles tendon -1- + + + ; bilateral BahinsK , 
ankle clonus. ^ .■ ;nprca«ed. 

Spinal fluid: Cloudy'; fourteen cells per cubic muhmeter, pr icopcra- 

Fig. 6-B : Case 6. M. L. (4522), September 13, 1921, fourteen month.s o on » 
tion. There was no evidence of sensory' disturbance. 

Gaft; Normal; no spasticity'. ijoUinA-i or ankle clonu-=. 

Reflexes: Knee jerk -f -f- ; Achilles tendon -F -k ; no Bab • 
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fifth thoracic vortehi'a. All reflexes of the lower extremities were exaggerated, and there 
was a bilateral sustained ankle clonus. The disturbance of sensation involved both 
lower extremities to the anterior superior spines (Fig. 6-A). The case was considered 
to be a congenital scoliosis with cord involvement. 

Treatment consisted of bed rest on a frame with head and pelvic traction. The 
patient showed very slight improvement under this treatment, which was interrupted 
because of diphtheria. Four months following admission a laminectomy was performed 
from the third to the seventh thoracic vertebrae inclusive. There was a distinct kink 
in the cord observed at the level of the fifth thoracic vertebra. No distinct pressure could 
be found on passing a probe up and down the neural canal. 

After laminectomy there u’as a rapid improvement, and three months following 
operation there was a complete recoverj’ from the disturbance in sensation. Fourteen 
months following laminectomy the patient had no evidence of sensory or motor disturb- 
ance, the ankle clonus had disappeared bilaterally, and there was a marked decrease 
in the previously exaggerated reflexes (Fig. 6-B). 



Fig. 7-A 



Fig. 7-A: Case 7. C. N. (B-9331), November 16, 1927, aged sixteen years, two daj's 
before laminectomy, had a left cervicothoracic and right thoracolumbar scoliosis. The 
motor signs appeared prior to the sensory. 

Ci'oss hatching show's area of no sensation to temperature, cotton, and pain. 

Gaii: Unable to walk; spastic. 

Reflexes: Knee jerk +-f--l--l-; Achilles tendon -f- -f -|- -t- ; bilateral Babinski; bilateral 
ankle clonus. 


Fig. 7-B: Case 7. C. N. (B-9331), Decernber 31, 1927, six weeks following operation. 
Hatching shows area of diminished sensation; cross hatching, area of anaesthesia. 
Gait: Able to walk, but with moderate spasticity of right leg. 

Reflexes: Knee jerk -b-k; Achilles tendon -t--|-; plantar absent, no Babinski; ankle 
clonus not sustained. 


Case 7. C. N. (B-9331), aged sixteen years, was admitted October 21, 1927, 
with a diagnosis of a left cervicothoracic, right thoracolumbar scoliosis. Because of 
the wedging of the vertebrae in the cervical spine, the scoliosis was believed to be con- 
genital. The patient’s chief complaint was a progressive stiffness of both legs, and the 
inabilitj’ to walk. The signs had increased rapidly during the five months prior to 
entrance. There was a fine fibrillation of the muscles of both legs. The sensory di.s- 
turbance extended well up on the thorax (Fig. 7-A). 

The patient was placed in extension with head and pelvic traction for three weeks, 
with no change in the neurological signs. A laminectomy was done November 18, 1927, 
starting at the fourth cervical and ending at the fifth thoracic vertebra. There was no 
pulsation of the cord below the third thoracic vertebra. There was compr&ssion of tlie 


VOL. XXIII, NO. 4, OCTOBER 1B41 



886 


C. W. RUHLIN AND S. ALBERT 


cord at the apex of the cervicothoracic scoliosis. Immediately^ following the laminec- 
tomy, pulsation was noted. Immediately following the operation, tliere was a Io=s of 
bowel and bladder control, which gradually returned to normal. 

Patient was discharged February 26, 1928, at which time there was considerable 
improvement in the sensory disturbance, and bowel and bladder control were noimal. 
The patient started to regain use of the lower extremities one and one-half months fol- 
lowing the laminectomy. On July 26, 1930, the patient was walking unaided with only 
a slight spasticity of the right leg (Fig. 7-B). 

CONCLUSIONS 


In spite of the brevity of this series of cases of scoliosis complicated 
by spinal-cord involvement, the following conclusions seem justifiable 
and are in accord vdth the literature. 

1 . The level of the apex of the curve shows no correlation with tlie 
distribution of the neurological changes. 

2. All motor changes are of the spastic type. 

3. There is no definite sequence in the appearance of the seiisoiy or 
motor manifestations. 

4. Conservative therapy shows little, if any, permanent improve- 
ment in the neurological status; therefore, laminectomy should be per- 
formed if a short period of conservative treatment fails to relieve the signs 
and symptoms present, or if the neurological signs increase, whether 
the sensory or motor changes are in precedence. 

5. Laminectomy incisions should he drained. 

6. In this series progression of signs and symptoms following anri 

nectomy developed in all patients, but receded after a variable peiio , ex 
cept ill Case 3. This patient did not regain function. _ _ 

7. Laminectomy offers the best prognosis in cases of scoliosis > 

signs of compression, despite the fact that torsion and tension are le 
etiological factors of these signs. i + i e 

8. It is desirable to combine fusion inth laminectomy v len i^ 
patient’s condition wdll stand this added operative proce me. 
fusion should extend from horizontal vertebra to borizonta vei e ^ ^ 
The combined method of Steindler^is a rapid procedure whic i 
satisfactory. There may be an increase in the curve if so i ns' 
done before the end of the period of rapid growth 
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From (hf Scclian an Orlhapardic Surgery and the Seclion on NcurosJirgcry, The i\fayo Clinic, 

Ilochrsler 

A great number of articles dealing Avit.h hemangiomata or angiomata 
have appeared in the literature during the past several years. These 
tumors may occur in practically any tissue of the body. Indeed, when 
one hemangioma is found, it is not uncommon to find others in other 
tissues of the same individual. The widespread distribution of these 
lesions is not necessarily an accurate index of the frequency with which 
they may give rise to symiitoms, for many lesions may be asymptomatic. 

REVIEAV OP LITERATURE 

First recognition of the presence of hemangiomata in vertebrae 
should be credited to the pathologists of several decades ago. Virchow, 
in 1863, reported a case in which necropsj" in an elderly woman disclosed 
several angiomata as large as hazelnuts in two vertebrae at a considerable 
distance from each other; an angioma was also found in the liver. 

Claims to priority in reporting the association of paraplegia with 
hemangioma are conflicting. It seems that Gerhardt was the first to 
report this association in the case of a youth, aged seventeen 3 ''ears. 
After an illness of five 3 'ears, this patient died of eiysipelas of three weeks’ 
duration. NecropS 3 ’' revealed angiomata of the fifth and sixth thoracic 
vertebrae, and invasion of the spinal canal. 

Most writers credit Perman Avith the first description of the roent- 
genographic picture of hemangioma of the vertebra. He reviewed the 
case of a ivoman, twcnt3Mour 3''ears of age, who had paraplegia of two or 
three 3"ears’ duration, and described the roentgenographic picture. His 
patient recovered motor and sensoiy functions after laminectom3L How- 
ever, a 3mar earlier Gold had reported a case of paraplegia in which the 
roentgenographic appearance suggested the presence of a hemangioma. 
This case Avas studied at necrops3% but the lesion AA-^as not recognized as an 
angioma b3' Gold. Bailc3’- and Buc3’- reported a case, and revicAved the 
literature to 1929. Their patient, a Avoman sixt3’--tAvo 3^ears of age, Avas 
subjected to laminectom3’- and rocntgenotherap3q and recover3" ensued. 
The3^ stated that to their knowledge the patient Ai^as the second to bo 
operated upon successfulbq and this statement seems to be borne out b3' a 
revicAA' of the literature. 

Schmorl has giA'cn the best summaiy of the pathological features of 

* Rend at the Annual Meeting of Tlie .American Academy of Orthopaedic Surgeon‘', 
New Orleans, Louisiana, .lanuary 14, 1941. 
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Fig. 1 

a: Sagittal section through three vertebrae; the middle vertebra being the site 
of the hemangioma; b: roentgenogram of the same specimen. {Re-proaucc j 
the courtesy of Georg Thieme'.) 

vertebral hemangioma. In his laboratories vertebrae from 3829 spinal 
columns were studied, 1948 from men and 1881 from women, an le 
frequency trith which hemangiomata occurred was recoided. ^ 
3829 cases, angiomata were present in 409, or 10.7 per cent, n ns 
group of cases, angiomata were found in 8.9 per cent, of the men, an 
in 12.5 per cent, of the women. In 272, or 66.5 per cent , of the ca- •' 

only one angioma could be demonstrated in the spiiml column, n 

cases, or 32.8 per cent., two to five angiomata, and in thioe cases, oi -t I 
cent., even more angiomata could be counted in the veitebra oo 
all. according to Schmorl, 579 different angiomata weic foun m 
spinal columns investigated, of which thirty-two were locate m ic / 
350 in the thoracic, and 170 in the lumbar vertebrae, an tncn > " 
the sacrum. The most frequent sites were the twelfth t loiacic 
(forty-seven cases), the fourth lumbar vertebra (thiit^-eigi 
first lumbar vertebra (thirty-seven cases), the secon um ai 
(thirtj’-six cases), and the third lumbar vertebra (thiitj 
The majorit}' of Schmorl’s angiomata weie inci en 
routine necropsies. The\’ did not have any clinica signi^ occur 
were not demonstrable roentgenographically. * nortion< 

in any vertebra, ma}^ vary in size, and may be locate m i „#i,o!o"’ifal 

of the vertebrae. Schmorl further pointed out t ia m },Iicro- 

specimen the angiomata are recognized by theii ar ' lec ^ mid 

scopic studies disclosed that angiomatous tissue glows me e 
thereby destroys the trabeculae of bone. The j.jo uppear- 

times become markedly thickened, so that the (rabeciil-'ic 

ance is that of a field of decreased density, with a cw intcrv.al'- 

of bone, which usually run vertically and parallel at .ma 
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TABLE I 


Hkm ANGIOMATA OF VeUTEHRAE ACCORDING TO AgE, SeX, AND LOCATION 


Group 

Average 

Age 

{Years) 

Patients 

Vertebrae Affected 

Cervical 

Thoracic 

Lumbar 

Male 

Female 

G 

7 

1 

2 

3 

4 

5 

G 

7 

8 

9 

10 

11 

12 

1 

2 

3 

4 

5 

1 

45 6 

2 

3 





2 

1 





1 








1 

2 

45 0 

1 

4 











1 




1 


3 



3 

45.1 

3 

G 

1 




1 





1 





3 

2 

1 



4 

59 4 

G 

14 



1* 



1 




1* 


2 


2 

2 

G 

5 

1 


Total 

53 0 

12 

27 

1 

0 

1 

0 

3 

2 

0 

0 

0 

2 

2 

2 

0 

2 

G 

8 

9 

1 

1 


* OiiG patient liad two licmangiomata. 


This same type of structure of the spongiosa of vertebrae was seen only 
once in any other condition, and in that case (a case of metastasizing 
lymphogranuloma) it was less pronounced. Schmorl, therefore, regarded 
these columns of bone trabeculae as peculiar and significant to the differ- 
ential diagnosis of vertebral angiomata. Bailey and Buoy described the 
roentgcnographic appearance of a hemangioma as a “reduction of bone 
density between parallel trabeculae which are increased in density”. 
This description has been used bj'’ others ’. 

The question of why some patients have symptoms and others do 
not has brought out some interesting speculations. According to Schmorl, 
in cases in which the whole vertebral body is involved by angiomata, some 
“ballooning” is seen, so that in the lateral roentgenogram the normally 
indented anterior margins of the vertebral body appear straight or even 
seem to bulge forward (Fig. 1 a and b). He assumed, further, that two 
types of angiomata must be distinguished: (1) the vascular widening of the 
vertebral bodies which gives an angiomalike formation, and (2) definite 
neoplasms which have a pronounced tendency to proliferation. However, 
he stated that present knowledge is too limited to express a final opinion. 

Schlezinger and Ungar gave as possible causes of compression of the 
spinal cord: (1) epidural angioma, present in eight of forty cases reviewed 
by them; (2) a “bloudng” up of the vertebra, caused by thrombosis and 
oedema associated with osteoporosis and subsequent formation of new 
bone; and (3) compression fracture of the involved vertebra, which, ac- 
cording to them, is rare, — they found onlj'- four cases recorded in the litera- 
ture. These reasons seem to be adequate explanations for the causes of 
paraplegia, and perhaps for most of the local symptoms. It is known 
that some patients maj'^ have an extension into the spinal canal and 
epidural spaces, and that hemangiomata in anj-^ situation may at times 
cause extreme pain, a phenomenon explained on the basis of thrombosis 
associated Avith inflammation and swelling. In at least two cases of this 
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series, a compression fracture was superimposed on the liemangioma 
S 3 'mptoms seemed to date from the compression fracture. 

The higher incidence of sj’-mptoms among jmung patients pi obably 
indicates an earlier and more extensive hemangiomatous change. It also 
should be noted that in the authors’ patients with compression of the 
spinal cord hemangioma, and on whom operation was performed, all 
but one of the hemangiomata were located in the thoracic vertebrae. 
This is to be expected, as the cord is larger and the canal smaller in this 


region. 

Schmorl noted that, from the age incidence in his cases, it could he 



Fig. 2 

Hemangioma of tlie third thoracic vertebra of a yoman, 
aged forty-nine. Symptoms of one year’s duration ana 
paraplegia were relieved by laminectomy and roentgen- 
otherapy. The patient is w ell eight years after operation. 

the JOVRSkV OF 


seen that the fio- 
quenc.y of angiomata 
among both men and 
women increased with 
advancing age. Ac- 
cording to Schnioil, 
onlj^ 3 to 4 per cent 
of ^mung persons have 
vertebral angiomata. 
This percentage in- 
creased to 12 for men 
more than sixty ycais 
of age, and to 16 for 
women of this age. 
Accordingly, he fch 

that angiomata 

seemed to form ""411' 
advancing age or, if 
the.y wore actually 
present at birth, that 
they progressed in 
size. 

However, the 
more the literatuic is 
reviewed, the moie 
one is impressed with 
tlie discrepancies in 
the statements of 
various author.'. 
This i' probably be- 
cause the ca'e> *• 

into four di'tinet cate- 
gories: (1) 
gioma "1111 parap < 

gia: (2) heniangionni 
with symptom' o 
bone avD mivT ■^w.orn^ 
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compression of the 
spinol cord, but with- 
out parnplcRin; (3) 
hemangioma witli lo- 
cal symptoms and 
signs, but without ev- 
idence of compression 
of the spinal cord; 
and (4) hemangioma 
without any symp- 
toms or signs. The 
diagnosis in the fourth 
grouj) is made from 
the roentgenogram, 
and the lesion is usu- 
ally an incidental 
finding. 

DATA ON CASES 
STUDIED 

The authors’ se- 
ries consisted of thirty- 
nine patients, of whom 
twenty-seven, or 69 
per cent., were fe- 
males, and twelve, or 
31 per cent., were 
males (Table I). 

This is an even higher 
percentage of inci- 
dence among women than that reported by Schmorl (57.7 per cent.). One 
of the striking facts brought out in this review is the lower average age of 
patients who had S 3 "mptoms. In the first three groups, the average age 
was about fortj’^-five j^ears, while in the group of patients who did not 
have sj’^mptoms the average age was about fiftj'--nine j^ears. 

Group 1. In the five patients in this group who had hemangioma 
with paraplegia, operation until or without subsequent roentgenotherapj^ 
was the method of treatment. Two patients are dead. One of these 
died six weeks after operation unthout improvement; paralj^sis finally 
became complete. The other patient, who died six years after operation, 
had improved markedlj^ and was able to walk. Death apparentlj’’ was 
caused bj'- a cerebral accident. One patient improved markedlj^ after 
laminectomj^ and decompression, followed roentgenotherapjn The 
two remaining patients apparentlj^ recovered. Laminectomj’- was per- 
formed on each patient; one also received roentgenotherapy (Fig. 2). 

Group 2. In this group are included five patients with hemangioma 



Fig. 3 


Roentgenogram shows oblique view of lumbar vertebrae 
of man, aged forty-four j'ears. Hemangioma is in part of 
tile body of the first lumbar veitebra. His symptoms 
were minimal. 
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in which there were symptoms of compression of the spinal cord, but 
complete paraplegia was not present. Each patient received roentgeno- 
therapjG A supportive corset or brace also was used in most cases. 
One patient did not improve. Two improved and two are well, four and 
six years after diagnosis. Permanent cure is not .yet certain, as not enough 
time has elapsed, but there is no question that these patients improved 
markedly from roentgenotherapy alone. 

Group 3. In this group are included nine patients with hemangioma, 
in whom the only complaint was that of local pain, and in whom there was 
no evidence of compression of the spinal cord. In these patients, the 
hemangioma seemed to be responsible for the symptoms. Seven patients 
in this group were treated with roentgen raj'^s. For two patients a corset 
onl}'- was used, — in one of these because a medicolegal question was in- 
volved. Improvement was not noted in these two cases. Three patients, 
treated with roentgen rays, have improved, one has been observed for too 
short a time for the result of treatment to be certain, and the result of 
treatment of another is not knowm. Two did not follow the treatment 
prescribed, and have not improved. 

Group 4. The last group included twenty patients in whom symp- 
toms, if present, did not seem to be attributable to the hemangioma 
(Fig. 3). No follo\v-up study has been made of this group. Several 
patients have been examined repeatedl}'- at the Clinic vithout any evi- 
dence of change of status of the lesion being found, but it must be realizee 
that s.^^mptoms ma}^ develop later. 


SYMPTOMS 

Localized pain with associated muscle spasm and rigidity of the 
spinal column are usuallj'’ the first symptoms to appear in these patients. 
Other S3’-mptoms, such as hyperaesthesia, hypo-aesthesia, radiciditi.s, am 
complete transverse m.yelitis, develop as the severitj'' of the lesion in^ 
creases. As previousL^ stated, a localized hemangioma ma^ appeal < ^ 
an isolated involvement of the bodj'’, pedicle, lamina, or spine, 'V ' , . 
involving the entire vertebra, and, when such a condition does 
nerve roots and the spinal cord maj'^ escape injuiy. Hov cvei , t le ca 
which confront the neurosurgeon are those which have lesu tec lo 
extensive involvement of the entire vertebra. Nerve roots aie 
impinged by the hj^pertrophy of the pedicles. Localized, la la 
is produced, corresponding to the root involved. The ciiis iing, 
ing, and ballooning process of the vertebra often lesiits in ^ 
motor parah^sis of the extremities below the lesicin. The 
disappear temporaril}’- on rest in bed and extension, but 
it reappears as the spinal canal is narrowed, and the coi is 
to such a degree that all function is lost below the le\ c o n • 


DIFFEEENTIAL DIAGNOSIS y^.^trljra 

The s.vmptoms produced bj’’ cavernous hemangioma o . 
are not unlike those produced bv an intraspinal tumoi , v i 

.„c.ou^.^w.orBOXl:^^-».or.s-rs.•^o^n 
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that, the symjitoms develop much more rapidly than those of a benign 
ncojilasm of the cord. The symptoms of a hemangioma of the vertebra 
probably resemble more the symptoms produced by a metastatic lesion 
of the spinal column, perhaps with the exception that the metastatic 
lesions iH'Ogrcss more rapidly than those resulting from the cavernous 
hemangioma. Thus it is extremely important to conduct a thorough 
general examination, along vnth the neurological examination, to rule 
out the possibility of a primary’’ malignant lesion elsewhere. In the early 
stages of the disease, before complete block in the spinal canal has oc- 
curred, studies on the spinal fluid may reveal no abnormality. Lipiodol 
may flow freely past the diseased vertebrae. As compression occurs, the 
spinal canal is narrowed and block results in the subarachnoid spaces. 
This condition is readil}" recognized by a positive Queckenstedt test,— 
that is, a failure of the cerebrospinal fluid to rise in the manometer after 
jugular compression. The spinal fluid may be xanthochromic, and its 
content of protein is sure to be increased, although the cell count will 
probably be normal. 

Roentgenographic studies of the involved portion of the spinal col- 
umn usually reveal pathognomonic evidence of the disease. Studies in 
the earlier phase of the disease will reveal areas of h5’^pertroph5'- of the 
pedicle and lamina, enlargement of the intertrabecular spaces, and ab- 
sorption of trabeculae in the body, vdth thickening of other trabeculae, 
thus giving the appearance of channels situated between or interwoven 
among the trabeculae. In the more advanced stages of the disease, ac- 
cording to Schlezinger and Ungai', a ballooning proce.ss takes place, the 
body of the vertebra is flattened, and the walls have a tendency to bulge. 
This process accounts for the narrovdng of the spinal canal. In a few 
instances a pathological fracture has occurred, which accounts for the 
kj'^phosis or scolio.sis. 

In reviewing a series of records of patients who had been operated 
on for a variety of vascular lesions within the spinal canal, it was interest- 
ing to note that none of these had an accompanying cavernous hemangi- 
oma of the vertebra. The vascular lesions involved were extradural 
angiomata, subdural hemangiomata, and hemangio-endotheliomata, 
varices, and arteriovenous fistulas. The laminae were often more vascular 
than the normal laminae, but in no instance did the roentgenogram reveal 
evidence of a cavernous hemangioma. 

Since the roentgenographic findings reveal pathognomonic evidence 
of the disease, it is essential that careful roentgenographic study be made 
in all cases in which the symptoms are suggestive of a cavernous he- 
mangioma of the vertebra. An earlj’’ diagnosis is essential in order to 
prevent the pathological fracture of the vertebra and, moreover, the in- 
stitution of roentgenotherapy will help to prevent the flattening and 
ballooning process of the body of the vertebra, and the use of a spinal 
support with corset or brace will eliminate the disastrous result of com- 
pression of the spinal cord. 
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LAMINECTOMY 

It was necessary to resort to laminectomy in five patients (Group 1) 
in whom compression of the cord was present. The procedure is designed 
to decompress the spinal cord. In no instance was the dura opened. In 
all cases, excessive bleeding was encountered during laminectomy. In 
performing the operation, the laminae were found to be hypertrophied 
and cancellous, and contained numerous and large vascular channels. 
Bleeding was often so profuse that bone wax would not adhere sufficiently 
to the rongeured edges of the laminae to control the hemorrhage. It was 
then necessary to resort to electrocoagulation of the rongeured surfaces 
of the laminae before appbdng bone wax. It was also found ad^'anta- 
geous to use a bone wax of firmer consistencj'- than that usuall}'' employed 
in craniotomy. In order to facilitate the application of the wax, it was 
warmed to a soft putty-like consistency before application. Then, as it 
returned to the temperature of the body, it became firm enough to 
remain adherent to the channel walls of the raw surfaces of the laminae. 

The cord was alwaj’-s found to be compressed from the posterior 
bulging of the body of the vertebra and the hj’^pertrophy of the pedicles 
and laminae. The extradural fat was more vascular than normal, but 
none of it contained true angioma. In one of the five patients a postoper- 
ative hemorrhage occurred, so that it became necessarj’’ to return the 
patient to the operating room for evacuation of a soft clot and further 
hemostasis. Another of the five patients obtained a most satisfactory 
result for six j'^ears, was able to walk about and cany on his regulai 
activities. Then symptoms of compression of the spinal cord again 
developed. Results of a second operation were unsatisfactory, because 
complete transverse myelitis had occurred. The recurrence in this in- 
stance was undoubtedly due to a progression of the disease in the bodj o 
the vertebra, and the failure on the part of the patient to wear an adequate 
brace. Rhizotomy Avas performed at the time of the second opeiation in 
order to relieve the root pain, since it Avas impossible to decompress t le 
nei’A^e roots inAmlA''ed without further AA'-eakening the spinal support, 
is, therefore, apparent that even though laminectomj’’ is resorte Oj 
extreme care should be taken to assure the patient of spinal support. 
most instances, a Avell-fitting Taydor brace or corset AA'ith steely ac ' sup 
port is sufficient. Although bone grafts have not been used, it is 
that a bone graft applied at the time of laminectomy is a ^ ^void 
cedure to assure the patient of the additional support nee e ° 
more compression of the Amrtebrae and a pathological fracture. 
genotherapy appears to be indicated in cases in Avhich ammec 
performed, as AA^ell as in those in Avhich it is not performed. 


ROENTGENOTHERAPA' 

Roentgen treatment consisted in application of receir'cd 

affected A’^ertebra through four posterior fields. Eac e ^25 

The technique Avas as foHorw. 


p to the 

3 


dose of about 500 roentgen units. 
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kilovolts, at a distance of sixteen inches (foi’ty and six-tenths centimeters), 
five milliampercs, and six millimeters of aluminum filtration. This 
dose was repeated at, interi^als of four to six weeks for three to four treat- 
ments, and thereafter once or twice a j’-ear over a period of four years. 
The number of treatments depended on the findings on clinical and 
rocntgenographic examination. 


SUMMARY 

Evidence points toward vertebral hemangioma as a definitel}'' recog- 
nizable condition which often does not cause s.ymptoms. However, the 
symptoms of some patients, particularly the younger ones, may be 
marked, even to development of complete paraplegia. In such cases 
laminectomy mth decompression, followed by roentgenotherapj'-, offers 
the best po.ssibility of relief. In patients in whom paraplegia is not pres- 
ent but in whom there is evidence of compression of the spinal cord or 
local .symptoms, roentgenotherap}’’ is the treatment of choice. Support- 
ive corsets or braces should be used whenever thej'^ are indicated, — for 
instance, with patients who have the static type of pain or sufficient in- 
volvement of the vertebra b.y the hemangioma to cause a pathological 
compression fracture. This latter complication, however, is rarely noted. 
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FRACTURES OF THE TIBIA IN ADULTS 

BT STEPHEN S. HUDACK, M.D., NEW YORK, N. Y. 


From the Department of Surgery, College of Physicians and Surgeons, Columbia Vnivcrsily, 
and the Fracture Division, Presbyterian Hospital in the City of New York 

The purpose of this report is to compare the operative and non- 
operative treatment of fractures of the tibia in adults, and to analyze the 
results of treatment of eighty-two tibial fractures out of 354 which oc- 
curred among 35,000 cases of trauma of all types during the ten years 
from 1929 to 1938. Tibial fractures are chosen because of their relatively 
high incidence. Moreover, they represent serious injuries, take a long 
time to heal, and involve economic handicap. The work was done by the 
staff and certain individuals, who for training or other reasons, were at- 
tached to the staff temporarily under the direction of William Darrach, 
M.D., Clay Ray Murray, M.D., and Barbara Stimson, M.D. 

In the early period of the organization of the Fracture Service, the 
open reduction of fractures of the long bones was successful only in so 
as an average good general hospital could make it. At that time van. 
dium steel plates were still being used, and a certain number o 
tragedies took place when these plates or their screws bro e un 
vibratory stress of the constant fibrillary movement of muse e one. 

In order to establish a scientific basis for the operative me 
experimental work was begun on a stainless steel materia , using 
dogs as it would be used physiologically in the operating . 

two years of experimentation, and of the study of its be avion 
and its metallurgy, it seemed that the material was more su 
fixation of fractures in open reduction than the vana lunti s ee . 

1936 only those patients with fractures of the shaft of 
operated upon who could not be adequately treate wi ° 

After that date, in consequence of these experiments, a ^ ^},g 

shaft of the tibia, except those involving the cance P ronsidered 

condyles and the cancellous portion about the ankle, 
primarily as operative cases, and were treated as g-roups: 

The material analysed in Table I is subdivided into hr e g m 
From 1929 to 1931 inclusive, the Fracture Service jasm.ts^l 
tive period, and the conservative, non-operative me remcm- 

alent use were utilized in the majority of cases. e+nff already had a 

bered that even in this period the senior members 0 e „.},ichifnot 

collective experience of handling fractures, twenty- 

optimum was certainly adequate. In this ear y perio , seven- 

sbe cases suitable for analysis. Nine were treated operatii ell 

teen by closed methods. . ^.idcr appHca- 

During the period 1932 to 1935 inclusive, there was 
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lion of the oiierative method. Furthermore, the overlap from the general 
surgical divisions was considerably reduced as far as temporary personnel 
was concerned. In the group treated during this period there were 
twenty-seven patients. Of these, thirteen were treated by open reduction 
and fourteen b}" closed methods. 

During the period 193G to 1938 inclusive, the Fracture Service had 
evolved to its present form, and operative fixation of fractures had been 
adojited as the method of choice. Twenty-nine cases are considered in 
this group, twenty-three of which were treated by operative fixation and 
six bj"^ closed reduction. 

Thus in the three groups, the proportion of patients operated upon to 
those not operated upon was nine to seventeen for 1929 to 1931 inclusive, 
thirteen to fourteen for 1932 to 1935 inclusive, and twenty-three to six 
for 1936 to 1938 inclusive. 


BASIS OF STUDY 

Sta7}dards for Follow-up. It is worth emphasizing that of all the 
cases seen in this Clinic, 90 per cent, are followed in some way. However, 
in this analj'^sis only those cases which have gone to complete restitution, 
or hai^e reached a stationary level for at least a 3 'ear, are to be considered. 
Moreover, only cases are considered for analysis in this series for which 
the charts contain adequate and full notes on the periodic evaluation of 
the patient with regard to anatomical, physiological, and economic status. 
Records of cases included also contain enough of the history of the injury, 
the course of rehabilitation, and the personality as a whole to allow some 
conclusion to be drawn as to whether or not compensation or liability, if 
present, affected the period of rehabilitation. This has resulted in the 
selection of only eighty-two cases out of a total of 354 patients of all ages 
with fractures of the tibial shaft. 

A better conception of the types of cases included in this analysis, 
aside from the adequacy of the follow-up, may be gained by mentioning 
some of the reasons for the exclusion of cases. 

Reasons for Exclusion of Cases from Analysis. Of the 272 patients 
not included in the analysis, 180 were under eighteen years of age. These 
are not included because it is well known that fracture healing in the 
young has an entirely different course from that in the adult. Others are 
excluded because the records are inadequate for the data required, the 
follow-up was incomplete, or the fractures involved the upper or lower 
cancellous portions of the tibia, or were pathological. Those patients 
with multiple fractures, which make adequate evaluation of the fracture 
of the tibial shaft impossible, those who died from causes not connected 
with the method, and those who were first seen weeks or months after the 
injury, are also excluded. 

Criteria for Evaluation of Healing. The determination of bony union 
is based on (1) roentgenograms, (2) clinical evidence, and (3) the abilitj'^ of 
the patient to bear full weight without anj^ external support. While 
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these are the criteria of bony union, many patients were able to return to 
work long before it was established. Some of these, in whom the fracture 
was simple and uncomminuted, and in whom rigid internal fixation was 
possible, returned to sedentary work in from one to two months, either in 
walking boots or weight-bearing calipers which usually extended only to 
below the knee, though occasionally included a thigh cone. 

Definition of Method. Under the term “ closed method ” are included 
all procedures such as manipulative reduction with application of plaster, 
skeletal traction with suspension, double-ware fixation either in traction or 
wath the application of plaster, and any other type of treatment short of 
operation. Under the term “operative treatment” are included cases of 
both simple and compound fractures, treated by open reduction with or 
without internal fi.xation. 

Concomitant with the development of the Service by improvement in 
technique and observation of cases, operative fixation of fractures has 
come to be considered adequate only w'^hen rigid enough to allow mobiliza- 
tion of the contiguous joints as soon as, or even before, the operative 
wmund is healed. Operative fixation was adopted as a method of choice 
in the fall of 1935. 


ANALYSIS OF CASES 

From the point of view of time required for union by the criteria 
previously mentioned, the follorving arbitrary standards are laid dowm. 

1. Those cases in which bony union was established in six mont is 
are considered as being wdthin physiological limits of healing. 

2. Union by seven months to a year is considered as delayed. 

3. Delay beyond a year is considered as non-union, even tiougi 

ultimate healing occurred after that time. . 

The healing time for the patients rvho were operated upon or ei le^ 
compound or simple fractures was distinctly shorter than for t lOse w i 
were treated conservatively. This of course was not always true i a ^ 
lay of several days or more took place between the injury and opera lo 

There w'ere many factors wdiich determined whether '”akc 

occurred in a particular case. There were circumstance.s w nc i n^^ 
understandable the group of delayed unions in the early perio 
the group of non-unions. Moreover, there were conditions an m i 
which were so complex and imponderable that proper er aluation o ^ 
would exclude enough cases to render this series unsuitable or 
the time factor, the psychological status of the patient, that is, 
not the patient wms eager to get up and about and back to ns w 
example, there were compensation cases which grew into case. 
gering, and some patients even caused self-inflicted ppriod 

soft-part healing. Other important considerations were. ^ 
between injury and hospitalization, the tj'-pe of Qj^panv- 

given, the nature of the fracture itself, the importance o 
ing .‘-oft-part involvement, and the infinite nuance m 

thh .ockx,.!- op bo.vp A.s-n miN-r srnopm 
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cl.=Closed reduction of simple fracture. cpd. fx. = Compound fracture with internal fixation, 

op. fx.=Operative fixation of simple fracture. cpd. of.x. = Compound fraeture, with no internal fixation. 

* With loss of substance in five years. 
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TABLE II 

Distribution op Cases Treated by Operative and Non-Operative Methods 



* This figure includes 180 patients under eighteen years of age. 


which had direct or indirect bearing on the course of the disease or t le 
recovery. 

The cases shown in Table I are well scattered, from healing at our 
months to non-union. This includes patients treated operatively an 
non-operatively. It is worthy of note that although there are nine cases 
of non-union out of the fifty-three up to 1936, there have been none in 
twenty-nine cases since 1936. There is a distinct trend away no on } 
from delayed unions, but from non-unions as well. For examp e, ron 
1929 to 1935 inclusive, four closed reductions resulted in delayec 
Another delayed union was in a patient whose compound 
treated vdthout internal fixation. However, of the cases trea ec 
1936, only two have resulted in delayed unions. In one of t lese 
was ample reason for slow healing. It was a badly injure 
marked soft-part involvement and loss of bony substance, n ‘ 
attempting to restore length to the limb, corner-to-corner con ac 
that could be obtained. A plate was used to bridge t le gap ^n 
length, but cross fixation was impossible. The fixation le 
porarily, because infection followed the marked spljj^er 

and the screws holding the plate pulled out. At three v ee 's ^ 
wire was put through the os calcis and incorporate in le 
order to maintain the position and length originally oi aine ’ j. 
this case cannot be counted agaimst internal fixatioii o infec- 

because, aside from the loss of bony substance an t fomnorarily, 

tion, the internal fixation was only partially and, e\ en lei , 

effective. , 1035 to 1938 

For comparison, there are twent 3 ’’-seven cases treaP^^^ 

inclusive. Fifteen healed in four months, pa le 

and joint srnorio 
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by closed methods, and ten were operated upon and had internal 
fixation. 

The six patients in whom healing took place in five months, with the 
exception of one who had a closed reduction and one who had a compound 
fracture, were all operated upon, and internal fixation was used. The 
patient with the eomiiound fracture, although operated upon, did not 
have internal fixation, becau.se of lack of displacement and a small com- 
pounding wound. 

The .six patients who were healed in six months were all operated 
upon, and had internal fixation. These included three with compound 
injuries. 

Observe that up to 1936, sixteen patients out of thirty-nine were 
healed in four months. These were ah)wst equally divided between -patients 
who were operated upon aiid those loho were not. In the later group, from 
1936 to 1938 incliLsive, fifteen patients out of twenty-seven were healed in 
four months, ten ivere operated upon and five were not. Again, in the early 
group of patients, thirty-nine were healed in six months. However, m 
this same period there were also fourteen cases of delayed or non-union. In 
contrast, the later group of twenty-seven patients were healed in six 
months, but in the same period there were only two cases of delayed union. 

It may seem that the series of cases analyzed is too small to warrant 
a definite conclusion. However, it must be emphasized that in the 
selection of material, a rigorous standard for follow-up was applied. 

The cases used in this series contrast the end results in operative and 
non-operative treatment of fractures. The non-operative methods have 
already been mentioned, and include those in prevalent use. The 
operative treatment is adequate for comparison only when rigid internal 
fixation is attained. The methods used to accomplish this have been 
considered elsewhere This improved operative method together with 
the fact that the operative method was used more generally from 1936 
on, instead of being limited to emergency cases, doubtless influences the 
comparison. 

On this Service, at present, fractures of the tibial shaft in adults are 
considered emergencies, and the patients are operated upon as soon after 
the injury as surgical and medical evaluation is made, — that is, within an 
hour or two. In a simple case, which is treated early and where rigid 
internal fixation is attained, the period of hospitalization may be two 
weeks. A¥eight-bearing is expected in between one and two months, 
though the extremity is protected by a walking boot or weight-bearing 
caliper below the knee, and very occasionally a thigh cone. Solid bony 
union is usually attained within four months. 

In compounded cases, hospitalization is usually longer, and is de- 
termined in part by whether or not infection supervenes. When it does 
not, the wound is allowed to close or maj'- be treated by pinch grafts at 
intervals of two or three Aveeks. In these as well, bony union is expected 
in four months or soon thereafter. 
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Where the compounding is complicated by infection, the axis and 
length of the bone are retained, and bony union follows at a slightly slower 
rate, usually within six months. The infection seldom spreads. 

To date, there has been no loss of limb or life attributable to the 
open method, despite the fact that as yet none of the newer drugs, such as 
sulfanilamide, has been used as a prophylactic against infection. 

SUMMARY AND CONCLUSIONS 

The results of the operative and non-operative treatment of fractures 
of the tibial shaft in adults over a period of ten years have been compared. 
The concrete basis for the evolution of a surgical perspective under the 
conditions existing and under a continuity of organizational guidance has 
been studied. 

Based upon the analysis of the cases considered, the operative treat- 
ment of compound or simple fractures of the tibia in adults, gives a surer 
course and better results than do the non-operative methods. 

1. Hudack, Stephen; High Chromium, Low Nickel Steel in the Operative Fixation of 
Fractures. Arch. Surg., XL, 867, 1940. 

2. Murray, C. R.: Primary Operative Fixation in Fractures of the Long Bones in 
Adults. Am. J. Surg., LI, 739, 1941. 
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OSTEOCHONDRITIS DISSECANS OF ANKLE JOINT 
The Use of Tomoguaphy as a Diagnostic Aid 

MERRILL C. MENSOR, M.D., F.A.C.S., AND GEORGE F. MELODY, M.D., 

SAN FRANCISCO, CALIFORNIA 
From Stanford University School of Medicine, San Francisco 

Tlie term “osteochondritis dissecans” was coined in 1905 by Konig; 
liowever, xVlexander Munro as early as 1738 recognized the condition. 
This diagnosis is used to denote a disease of obscure origin, characterized 
by the demarcation and detachment of one or more fragments from the 
articular cartilage and underlying bone of some joint surface. Patho- 
logically, osteochondritis dissecans is an aseptic necrosis of bone, the incep' 
tion of which is frequently associated wdth trauma. For discussions of 
the various theories of etiology of this condition the reader is referred to 
the bibliography accompanying this article. 

According to Conway more than 85 per cent, of the reported cases 
describe this disease as it affects the knee joint; the elbow seems to be next 
in point of frequency. Relatively few cases of involvement of the hip, 
metatarsophalangeal, or ankle joint have been reported. In the literature 
at their disposal, the authors have been able to review but seventeen 
cases of osteochondritis dissecans of the ankle joint, and to their knowl- 
edge there are reports of but two other established cases, the published 
accounts of which, unfortunately, have not been accessible to them. 

Most of these cases occurred in young adults, and in virtually all 
there was a definite history of trauma. The most constant symptom 
was pain in the ankle, usually coming on after prolonged standing or walk- 
ing. In light of the paucity of the literature on the subject, it is felt that 
osteochondritis dissecans of the talus is certainly not of common occur- 
rence, and that it is justifiable to add another case to the reported series, 
supplying a bibliography to the other authenticated cases on record. The 
case reported below is of especial interest in that the diagnosis depended 
upon the use of tomography, as conventional roentgenograms of the joint 
were negative. 


CASE REPORT 

F. H., a lumber clerk, aged thirty-four years, was seen by one of the authors 
(M. C. M.) eight months after he had sustained an injury to the right ankle joint, result- 
ing from an eight-foot fall from a platform. The patient had landed on both his feet, 
breaking the fall with his hands. Immediate total disability resulted in the right ankle, 
and roentgenograms revealed a chip fracture of the anterior aspect of the distal end of 
the right tibia, involving the internal malleolus. Plaster immobilization was applied and 
retained for eight or nine weeks, and was followed by physiotherapy. The patient re- 
turned to light work. 

The past history was essentially negative, with no specific bone injur3’ or previous 
joint disability relative to the right ankle. 
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Fig. 2-A Fig. 2-B 

T'omognim, anteroposterior projection, taken December Tomogram, lateral projection, taken December 4, 1940, 

4, 1940, shows osteochondritic process on the superior ar- localizes the loose fragment of bone displaced from the pos- 

ticular surface of the talus. teromesial aspect of the talus. 
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When seen, the patient complained of an occasional recurrent pain in the right ankle, 
localized mesial to the internal malleolus, unrelated to activity, and not relieved by rest. 
There was no tenderness anywhere about the ankle. The patient also stated that there 
was recurrent giving way of the right ankle inwardly, sufficient at times to cause the pa- 
tient to fall. There had been numerous episodes of “slipping” of the right ankle, un- 
accompanied by loss of balance. 



Fig. 3 


Examination 

The patient carried a cane, and on discarding it walked with an intermittent limp, 
but on a good base. He placed his foot flat on the floor with loss of the natural spring. 
He rose and walked well on his toes. In the squatting position, he complained of discom- 
fort over the anterior aspect of the ankle joint, and difficulty in dorsiflexion of the right 
ankle. Weight-bearing statics revealed bilateral flattening of the anterior arches, and 
the right foot showed a mild cavus and claw-toe deformity. There was some mild ap- 
parent thickening in the space in front of the Achilles tendon, and prominence of the 
external malleolus on the right. 

Circumferential meas- 
urements six inches below 
the patella were twelve and 
three-quarters inches on the 
right and fourteen and one- 
quarter on the left: the bi- 
malleolar measurements 
were ten and one-quarter 
inches on the right and ten 
and one-eighth inches on 
the left; and the mid-tarsal 
measurements were ten and 
one-quarter inches on the 
right and ten inches on the 
left. 

Foot Motions: Dorsiflex- 
ion was limited to 4 degrees, 
and plantar flexion to 14 . 

degrees. Inversion was slightly limited when compared with the left foot, an eve 
was limited 35 per cent. Forced passive inversion referred pain mesial to t e m er 
malleolus. There was no peroneal pain complained of at this time. 

Reflexes: Knee and ankle jerks were equal and active. Inspection of pa len 

disclosed equal M'ear on analogous locations on both shoes. ^ i + u March 26, 

Roentgenograms: Conventional roentgenograms of the right ank e, a 
1940, showed an irregular compression deformity of the tibial cortex jus 
ankle joint, with a comminuted fracture of the tip of the interna ma eo ]„•(. 

no evidence of bone injury in any of the tarsal bones. Subsequen . j 

study of the talus and ankle joint on November 28, 1940 (Figs. - an 
good healing of the fractures previously reported, and no evidence o Tnude of the 

to the talus or other tarsal bones. On December 4, 1940, tomo^ams '' ® 
right ankle in the anteroposterior and lateral projections (Figs. joint. These 

the plane passing through the ankle parallel with the plane o le ^^j^gpostcro- 

examinations showed the presence of a loose fragment of bone disp ace igngth 

mesial aspect of the talus, and measuring approximately one y no j pf ti,c 

by five-tenths of a centimeter in thickness. The fracture o e 
tibia near the joint surface was healed. 

Diagnosis , „-j,irii 

A definite diagnosis of a loose bod3’’ in the right ankle joint 
arthrofomj' was recommended and subsequently carried out. 


Photograph of the osteochondritic body removed 
from the superior articular surface of the talus. 
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Operation 

On December 27, 1940, at Stanford University Hospital, an arthrotomy of the right 
ankle joint was performed through a posterior approach. On the posterosuperior mar- 
gin of the talus, ns demonstr.ated by the tomogram, a definite “joint mouse”, about one 
by two centimeters, and irregular in character, was found loosely adherent by fibrous 
tissue to the articular surface of the talus. This was dissected free and removed (Fig. 
3). Further inspection of the dome of the talus revealed several irregularities in the ar- 
ticular cartilage, and a definite defect in the bone where the “joint mouse” was removed; 
this was replaced by fibrous tissue to some extent. The capsule and other layers were 
closed with interrupted silk sutures, and a dry compression dressing was applied. 

Postoperalire Course 

Xo immobilization was applied postoperatively and the surgical wound healed per 
prijimm. He was discharged on January 14, 1941, ambulatory, and was not using a cane. 
Subsequent to this date the patient reported to the office for rehabilitation therapy, con- 
sisting of heat, massage, and graded exercises, including bicycling. 

By March 14, 1941, sufficient recovery had ensued to allow the patient to return to 
his original occupation. There had been no further episodes of joint instability, and his 
subjective complaints were confined to generalized soreness in the ankle region. For two 
weeks prior to discharge the patient had been able to engage in tennis matches without 
disability other than fatigue. Objective examination revealed the persistence of loss of 
4 degrees in dorsiflexion and of 7 degrees in plantar flexion. Inversion and eversion 
were free and unrestricted. There was no tenderness present in the area about the ankle 
joint. 

DISCUSSION 

The case reported is mainly of interest because of two factors : First, 
it is another established instance of osteochondritis dissecans of the ankle 
joint; second, it illustrates the value of tomography in the roentgeno- 
graphic diagnosis of lesions of the osseous system, and emphasizes its 
importance in the accurate localization of bone defects requiring operative 
intervention. By this means it is possible to plan preoperatively the 
most direct approach whereby the lesion can be reached with a minimum 
of trauma to the surrounding structures. 

Tomography (from Greek; temnein, to cut; plus Greek: graphein, to 
write) is one of the several methods of body-section roentgenography, 
which embraces tomography, planigraphy, stratigraphy, laminagraphy, 
and vertigraphy. For detailed accounts of these special roentgenographic 
methods the reader is referred to the articles by Andrews, Grossmann, 
Moore, Kieffer, and Tivining. The basic principle of body-section roent- 
genography is that by the synchronized movement of the x-ray tube and 
film, during exposure, about the pivot point or body section to be visual- 
ized, roentgen shadows, which otherwise would interfere with obtaining a 
clear and truthful reproduction of the desired plane, are eliminated, 
whereas the desired plane or pivot is constantly being focused on the 
same fixed point on the film, so that it alone is clearly and truthfully re- 
produced on the roentgenogram. 

Shadows of objects farthest from the desired plane are most blurred, 
wiiereas those in close proximity to the selected plane are least blurred. 
The tomograph, introduced by Grossmann in 1935, is an extremely satis- 
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factory device for accomplishing body-section roentgenography. Twin- 
ing, in 1937, proposed a method of carrying out tomography by means of 
a simple attachment to the Potter-Bucky table. 

Tomography is certainly not recommended as a substitute for con- 
ventional roentgenography, but rather as an addition to the armamen- 
tarium in roentgenographic diagnosis. To be sure, ordinary roentgeno- 
grams should be carried out as indicated in the individual patient, but in 
the event that conventional roentgenograms are not diagnostic, and there 
is clinical evidence suggestive of morbid changes in the skeletal system, 
every effort should be made to obtain tomographic visualization of the 
part under suspicion. 


SUMMARY 

The publishing of this case brings the total number of reported in- 
stances of osteochondritis dissecans of the ankle joint to twenty. Tlie 
importance of tomography in the diagnosis and localization of obscure 
lesions of the osseous system is emphasized. 


CONCLUSIONS 

1. Although but twenty established cases of osteochondritis disse- 
cans of the ankle have been reported, the condition will probably be more 
frequently detected if tomography is carried out in suspected cases, de- 
spite negative findings by conventional roentgenography. 

2. In the case reported, the causal relationship between the trauma 

sustained and the development of osteochondritis dissecans seems mes 
capable. This conforms to the general opinion relative to trauma as an 
etiological factor in the production of this disease entity. ^ 

3. Chronic pain or discomfort in the ankle following a sprain, ns 
location, or fracture — which persists despite ordinary conseivatnc rea 
ment, should suggest the possibility of osteochondritis dissecans ta i. 

4. A history of recurrent instability of the ankle should 
picion relative to the possibility of a loose fragment or 

5. The treatment of choice is arthrotomy, with remova o 

fragment or fragments, but without immobilization. T ns s lo 
followed by rehabilitation therapy in the form of diatheimy, pf 

graded exercises, which are important adjuncts in the accomp is 
prompt postoperative recovery of normal function and comp e e 

tflition.. . i*q(Tno‘'is 

6. Prognosis is excellent in patients receiving ear y q,c 

appropriate treatment. Such treatment is also a prop ly arthritis- 

development of chronic hypertrophic synovitis and raiinic 
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THE TREATMENT OF OBLIQUE. SPIRAL FRACTURICS 
OF BOTH BONES OF THE LEG 


An Analysis of Fifteen Cases Treated by Open and Closed Methods 

BY ROBERT D. MANSFIELD, M.D., LOUISVILLE, KENTUCKY 


Fractures of both bones of the leg are frequently seen, pai'ticularly in 
IMarine Hospitals whose patients as a rule have been employed in hazard- 
ous occupations. The material submitted is taken from the clinical 
records of the fractures treated during the fiscal 3 ^ear 1939, in the U. S. 
Marine Hospital, Detroit, Michigan. The fractures included arc only 
those of the tA'^pe described below. Fractures near a .joint, badh' commi- 
nuted fractures, and transverse fractures are not included, as they would 
not allow a fair comparison. After the elimination of these types, fifteen 
patients remained, seven of whom were treated by closed methods and 
eight bj’’ open methods. 

The diagnosis “fracture of both bones of the leg” includes, of couisc. 
fractures in many'- locations and of diverse types. There ma.v he hac- 
tures of the shaft, fractures about the knee, or fractures about the ankle. 
Each of these has some peculiar clinical characteristic which influence.- 
treatment. . 

The fracture with which this discussion is concerned is almost a c nn 
cal entity. It is a fracture of the .shafts of both bones occurring some 
where in the middle three fifths. In the tibia it is oblique and spiia m 
t.vpc and this is an important factor in its treatment. It may be sing c oi 
comminuted. The fibula is usually fractured at a different level 
great proportion of the cases is comminuted. It may'- be oblique oi la'^^^ 
verse. The fracture of the fibula is unimportant, hone\ei, anc nec 
.special attention. Union of the fibula occurs quite readily if t le ' ’ ‘ 
properlv reduced and fixed. Indeed, it often bridges large open gap 
secure good solid union. _ j„ 

The criteria of good treatment in these fractures aie tic 
any fracture, — namelyq the accurate apjiosition of the bone enu 
phy^siological a po.sition as po.s.sible, and complete fixation in 
until union has occurred. It is believed that even a minima ^ 
of the apposed fragments is conducive to delayed union, a ac oi . 
made fracture of the surgical neck of the femur so rcfiactoiy 
until recentty. j (o the 

The open method of treatment of such fractuie.s, following 

various methods of closed treatment, .seems logica oi 
reasons: (1) Under direct vision an oblique, spiial lac ‘ pc- 

readily and more accurately reduced. (2) In these o i jj^^d-po.-cd 

cause of the sharp ends of the fragments, there fixation 

soft tissue consisting of muscle or fascia or both. (• J - 


can be obtained by intei-nal fixation. 
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II appc'an'd tliat, in pjc'iu'ral, the rosults in tliis typo of fracturo wore 
not satisfactory, ^^’ho lias not soon such a fraotnro with non-union many 
months after its ooourronoo, or a malunion prodnoinf!; decided disalign- 
ment. in the weight-bearing line, which brings with it chronic foot .strain 
or a traumatic arthritis of the ankle and foot joints? In those cases in 
which the clinical results were good, it a]5peared that too long a time 
elapsed between tlu' injury and the patient’s return to work. A normal 
bone, after fracture, placed in good apposition, should .show union with 
beginning deposition of calcium salts in five to .six weeks, and .solid callus 
in eleven to twelve weeks. 

A critical survey, therefore, was undertaken of the cases with which 
the author had had ]iersonal contact, to find out whether, as was believed, 
the open procc'dure was produetive of better clinical results in a shorter 
time, and was more economical to the jiatient and the hos[)ital. 

The findings are tabulated in Tables I, II, and III. 

Table I gives data on fractures treated by closed methods. These 
methods are; 

]. Manual reduction of the fragments and fixation by the applica- 
tion of a jilaster dressing. 

2. Th.e insei'tion of Steinmann pins above and below the fracture. 
^^'ith the aid of the pins the fracture is manuallj^ reduced, and, while held 
in this imsition, a cast is applied incorporating the pins, thus securing 
bettor fixation than in the first method. 

3. The use of some type of frame, such as the Roger Anderson or 
Braun frame. In this method pins are inserted in the bone as in the 
seeond method. These are attached to the parallel bars of the frame in 
such a way that they may be moved in any direction, and can be locked in 
the desired position. After a .suitable time the leg is encased in a plaster 
dre.s.sing. 

4. The use of continuous skeletal traction and the later application 
of a cast. This method embraces much the same principle as the frame, 
but the fixation is not so rigid. 

As previously stated, the tibia alone is the object of treatment. 

Table II gives data on the fractures treated by the open method. 
This consists of reducing the fractures under direct vision and internally 
fixing them by wire sutures, metal plates, screws, nails, or bone grafts. 

After appropriate preparation, a semilunar incision is made on the 
anteromedial aspect of the leg over the fracture site, with the con\'exit\' 
directed posteriorly. The fracture site is exposed by dissecting back the 
skin flaps. The fracture is reduced by traction and manipulation and 
held in position by means of bone clamps. At this stage the reason for so 
manj" non-unions in this type of fracture is seen. In 60 per cent, of the 
author’s patients, who were operated upon, muscle or other soft tissue wa*.; 
found interposed between the fragments, the sharp end of one of the frag- 
ments having speared the soft ti.«.sue. Ob\iously, when this situation 
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TABLE III 


CoiMPAKisoN OF Open and Closed Mephods of TitEvniEXT 


Method of 
Treatment , 

i 

j 

Average 
Time from 
Injury to 
Ambulant 
Status 1 

Avei'age 
Time 
Lost from 
Work 

Time in 
Ho.spital 

Average 
Time under 
Treatment 

Poor 

Clinical 

Re.sults 

(Per 

Cent.) 

Complica- 

tions 

(Per Cc?it.) 

Clo.secl. 

1 169.71 days 
(5.7 months) 

205.14 day.s 
(6.8 months) 

85.57 days 
(2.8 months) 

1 196.57 day'.s 
1(6.6 months) 

43 

57 

Open. . . . 

86.37 days 
(2.9 months) 

142.75 days 
(4.8 months) 

34.25 day.s 
(1.1 months) 

134.50 day's 
(2.1 months) 

1 

0 

0 

Difference. . 

1 

83.34 days 
(2.8 months) 

62.39 days 
(2.0 months) 

51.32 days 
(1.7 months) 

62.07 day's 
(2.1 months) 




exists, it would be almo.st impossible to secure reduction of the fragments 
by closed methods. 

tVith the fracture Rvmly held b}'- bone clamps, small drill holes are 
made in each fragment through which silver wires are introduced. By 
wrapping the silvei- wire sutures about the bone and twisting them, the 
fi’acturo is secui'cly immobilized. The fragments cannot flare; and be- 
cause the wires run through, vertical sliding is prevented. On two occa- 
sions metal plates were used, and on another occasion a bone graft ^^as 
employed, but in the usual ca.se the wire suture suffices. 

Idle incision is closed by layei's and a non-padded cast i.s appliei 
from the toes to the knee. 

The cast is removed in from two to three week-s, at which time t u 
sutures are i-emoved and the wound inspected. Another cast is app wc 
and allowed to remain for six weeks. At the end of this period t ic con 
dition of the fracture clinically and by roentgenograms is u.scd as a gnu > 
for future treatment. . . . , j 

Tt is believed that more training in orthopaedic surgeiv is icqmi 
for closed reduction, than for the open method which should picscn 
obstacles to the general surgeon. It is an extrcmelj' difficii t 
Irtion to reduce a spiral, oblique fracture, and to hold .such a me u 

position is often impos.sible. , 

One of the frequently mentioned disadvantages of an open re 
is that it converts a simple fracture into a compound fiactine, 
creased susceptibility^ to infection. In none of tliese cases has sue 
fection developed, or, indeed, any type of infection. As may 
Table II, the postoperative reaction, as revealed by the pu so ant 
ture, has been minimal. It ha.s been le.ss severe than t lat ‘ 
average hernioplasty. It ma.v be pointed out hoc, 
greatc.st attention i.s paid to asep.sis, including the sma ^ j.. n 

Table III shows averages computed fi'om Tablc.s I ami 1 . 
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’rAHT.K IV 

C'o^T or Oi’i'.N AM) Closed Methods or 1 'heat.me.vt 


Method of j 
Troiitnieiit 

Cost to Patient 
l)y Hoasoii of Time 
Lost from Work * 

Cost to 
Hospital t 

1 Total Cost 

Involved t 

Clo'od 

j S3SS <1(1 

1 

S320 89 

8709 85 

Opc'ii 

274 .5(1 

, 1 

128 44 

402 90 

DifTi'iema' . . 

1 §114 40 

1 

8192 4,5 

1 

i S306 95 


* Estimated on tlie hnsis of a tliirtv-duy month at S57.20 per month. This is the 
fiRure used l)y tlic Works Progress Administration as the basic pay for common labor, 
t Estimated at ?3.7o per bed per dictii. 

+ Out-patient cost at the standard figure of Sl.oO per treatment has not been in- 
cluded in tliis cost. If it were, it would increase the cost for the closed method. 

that patients with fractures treated by open methods wore ambulant with- 
out support in two and nino-tenth.s months, while those treated by 
closed methods needed support of .some type, usually a cast, for five and 
seven-tenths months. The patients treated by closed methods also lost 
more time from work, six and eight-tenths months, as compared with 
four and eight-tenths months, or a difference of two months. 

The reason for the increase in hospital days for patients with frac- 
tures treated by closed methods over those treated by open methods is 
not known. Apparently the attending physician felt that it was not safe 
to allow the former to begin out-patient status, wearing a cast, as soon as 
those who had been treated by the open method, and it is a fact that a 
fibrous type of union, as \vell as bony union, occurs much earlier in the 
fractures which have been given open treatment. 

The average number of days spent under treatment, that is, ho.spital 
days plus out-patient days, is sixty-two days, or two months, more for 
patients receiving the closed treatments than for tho.se given the open 
treatments. 

Perhaps some explanation should be given of the total lack of poor 
re.sults and complications in the case of the fractures given open treatment. 
While it is true that only good results were encountered in this small 
series, this does not necessarily mean that there never would be poor re- 
sults. On the contrary, in a larger .series poor results would probably 
occur in some cases. However, even though the number of cases is small, 
the difference in the two scries is striking enough to justify the conclusion 
that the percentage of poor results would be higher in the patients not 
operated upon. This is confirmed by operative findings, which often 
show a fracture which, because of interposed soft tis.sue, could not be 
properly reduced by closed methods. 

It has been .suggc.sted that it would be well to try closed methods 
first, and, if \inion was delayed beyond a reasonable time, or if it appeared 
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that malunion would occur, then open methods. It is believed that, in 
view of the calm postoperative course, the ease of the procedure, the 
shorter time that it is necessary for the patient to wear the cast, and the 
better ultimate results, the procedure of choice in a fresh fracture is 
immediate reduction and fixation by the open method. 

There was one compound fracture in this series. It was treated in 
the same manner, with gratifying results. If proper cleansing of the 
wound, together with the necessary debridement is done, it is believed 
that there is no contra-indication to the immediate reduction and internal 
fixation of these fractures, if they are seen within twelve hours of injury. 

Table IV is interesting in that it approaches the problem from a 
different point of view. The cost of fractures treated b}”- the open and 
closed method is analyzed. The figures are only a rough approximation, 
but they serve to make an interesting comparison. The table shows that 
a saving of $306.95 per patient is made by using immediate open reduction 
and fixation of these fractures. This is more than enough to pa}'^ for the 
treatment of two more similar cases. 

SUMMARY AND CONCLUSIONS 

From an analysis of the results obtained by the open and closed 
methods of treatment in fifteen cases of spiral, oblique fracture of both 
bones of the leg, immediate open reduction with internal fixation appears 
to be the procedure of choice. 
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A REVIEW OF TWO HUNDRED AND ONE CASES OF 
SUPPURATIVE ARTHRITIS * 

BY JOHN A. HEBERLING, M.D., PITTSBURGH, PENNSYLVANIA 

This paper deals with the method used, the results obtained, and 
the details of treatment in 201 patients with acute suppurative arthri- 
tis, from the Orthopaedic Department of the Alleghen}'- General Hospital, 
Pittsburgh. This group includes those cases treated since 1921, at which 
time this method was first used at the Hospital, and the cases are from the 
Services of David Silver, M.D., Paul B. Steele, M.D., Carl C. Yount, 
M.D., and the author. 

Willems ^ in 1919 discussed the use of incision and active motion 
in joints affected by penetrating wounds and intra-articular fractures 
resulting from war injuries. He also considered the advisability of the 
use of this method in purulent arthritis, and described the results obtained 
in a few cases involving the knee and elbow joints. 

Two hundred and one patients, comprising a total of 221 joints, 
have been treated since 1921, including all of the joints of the extremities. 
In each case the presence of actual suppuration either was demonstrated 
by aspiration and culture, or the author was reasonablj’’ certain from 
other clinical and laboratorj'- findings that it was present, before incision 
was performed. Joints which were felt to be the seat of serous or sero- 
fibrinous infection were treated bj'- more conservative methods, and are 
not included in this series. 

The surgical procedure carried out involves briefly the incision of 
the joint, under general anaesthesia, and the suturing of the appropriate- 
sized, soft-rubber drain to the capsule. This drain is never allowed to 
intrude into the joint. Active motion is started as soon as possible after 
the effect of anaesthesia is over, and is repeated every three hours. The 
joint is put through its full range of motion in so far as it is possible, and 
it will be found that after a few times the limb can be moved freely and 
without pain. Onl 3 '- in infants and very jmung children has it been neces- 
sary to depend upon passive motion. During the first few treatments 
a great deal of time and patience must be used to overcome the child's 
fear of pain, but once he finds that the procedure is practicallj’’ painless, 
no further difficulty is encountered. It is occasionallj'- necessary to re- 
place extruded drains and reopen pockets, but most of this can be done 
mthout anaesthesia. 

Earlj^ weight-bearing and walking was tried in a few cases but, in 
the author’s experience, this does not hasten recoverjL Ordinary" ad- 
hesive traction mth onl}^ a small amount of weight is used for patients 
with hip or knee-joint involvement. In 3 munger children, in whom the 

* Read at the Annual Meeting of The American Academj' of Orthopaedic Surgeons, 
New Orleans, Louisiana, Januarj' 14, 1941. 
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TABLE I 
incidence of suppurative arthritis 


Number of Patients 


Number of Joints. . . 


Knee 


72 


Patients with com- 
plicating osteo-l 

myelitis ' 


85 


10 


Hip 

65 


74 


Ankle 

17 


20 


Wrist 


10 


10 


Elbow Slioul- Small 
der Joints 


14 


13 


Multi 

pie 


IS* 


Total 


201 


221 


24 


joinfISved. """"" \nvo\v\n^ one patient' having four 


vonttbU^tior 

fibo-i*? shoulder joint the anterior incision through the deltoid 
las oeen used; in the elbow one incision posteriorly over the radio- 
Cl a legion usuall 3 '- suffices; and in the wrist, the dorsal incision into 
e ana omica snuffbox. The approach to the hip joint used most coin- 
ton y las been an anterior one between the sartorius and the tensor 
asciae^ emoiis. In a few instances the posterior incision has been used, 
tu 1 is e t that the anterior one is more satisfactory, particularly since 
1 IS not necessaiy to use dependent drainage with active motion. The 
'nee joint is opened b}'' a mesial anterior incision with occasionall.v a 
■-ocon one on the lateral side of the patella; and the ankle joint, by 
pos eiolateral and anteromesial incisions. After the joint is opened, 

1 IS gentljr flexed and extended a few times to express the contents before 
the drain is sutured in place. 

The Mound is dressed ivith “fluffed" gauze, piled on I'crv loo.'^ely, 
anc secured above and beloiv bj'^ bandage or adhc.sive in such a fashion 


TABLE II 

Type of Infection in Cultures Made 



Knee 

1 Hip 

Ankle 

Wrist 

Elbow 

, Shoul- 
der 

Small 

.Joiiit.sj 

1 1 ota 

Staphylococcus aureus. 

18 

22 

3 

2 

3 

' 

J i 

.->0 

Hemolj’tic Ftreptocoocus. 

19 

11 

1 ^ 


2 1 

2 

iJL 

Negative joint culture. 

9 

1 

I 0 


3 

1 i JL 

Gonococci!.'; ... \ 

S 

1 


4 1 

1 

! ' 

Staphylococcus albus. 

3 

3 

2 

1 j 


I ! 


in 

Streptococcus viridans. 

1 

b 

1 



! I 

Pneumococcus 


2 1 
f 


! . n 

Total 


45 } 

lo } 

j 


1 

9 1 

4 

2 140 

- ! 



- 
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TABLE III 

Aoi; or Patiiivts axd Joints Involved * 


.•\get 

! 

1 

Knee 

1 

1 

Hip 

-Ankle 

Wi’ist 

Elbow 

Shoul- 

der 

Small 

.loints 

Total 

Birth to one year 

1 

, 3 ! 

1 

s 






11 

One year to ten years . 

13 ’ 

1 

22 

1 

'* i 


0 

4 

1 

52 

Ten to twenty years. 

-r 

20 

7 

3 

2 

5 

1 

1 

62 

Twenty to thirty years 

1 10 

1 

S 

4 

4 

3 ! 

1 

j 

1 

39 

Thirty to forty years 

11 

11 

2 


1 



25 

Fort.v years and over. 

15 

o 

1 

3 

2 

4 

2 

32 

Total. ... 

1 

<S5 

1 

7d 

1 

20 

>0 

14 

13 

0 

221 


* EiRliteen patient'^ are listed more than once because of multiple-joint involvement, 
t Age of youngc'-t patient was twelve days, and age of oldest patient, seventy- 
three years. 


as to allow complete joint motion. Drains arc removed and the opening 
is allowed to close gradually when the discharge becomes thin and scanty, 
and the thickening and boggine.ss about the joint begin to disappear. 

Thirteen deaths were directl.v attributable to the joint infection. Of 
these, eight had a staphylococcus aureus blood culture, three a hemol.ytic 
streptococcus blood culture, and two a negative blood culture. Six deaths 
were in patients with nephritic, diabetic, and cardiac complications. 
These conditions were known to have been present before the joints were 
affected. 

In this series of cases there were twentj^-four patients with com- 
plicating osteomyelitis of adjacent bones of such severity that drainage 
or seque.strectomy was nece.ssary (Table IV). It was possible to continue 
the active joint motion with all these patients, and the results obtained 
Avere not at too great variance Avith those in uncomplicated cases. 

As criteria of so-called successful results in our tabulation, the fol- 
loAving range of motion Avas accepted. 


TABLE IV 

Results in Twenty * P.ytients with Osteomyelitic Co.aiplication'. 


Result' 

Deaths 

Knee 

i 

Hip 1 

! 

Ankle 



1 

Wrist 

Elbow 

Shoul- 

der 

1 “ ^ 

1 

Small 

Joints 

Total 

4 

i 

I 

1 

1 

1 . 1 

.5 

Followed 

5 

1 

3 


1 

2 S > 

1 

15 

Stiff 

1 Mi 

1 1 

j 


! ' 2 

X( t satisfactory 

1 

1 1 

2 

! 1 




1 4 

Satisfactorv 

J 

1 

1 ' 


1 

2 

9 


* There were twenty-four patients in this group,_but four were not followed. 
Sixty per cent, of the patients who lived liad .sati.sf.actory results. 
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TABLE V 


Results in Eleven * Patients with Gonoruheal Infection of the Joints 


Results 

Knee 

Hip 

Ankle 

Wrist 

Elbow 

Shoul- 

der 

Small 

Joints 

Total 

Deaths 




1 




1 

Followed 

6 



3 

1 



10 

Stiff . ... 

1 




1 



2 

Not satisfactory 

1 



1 




2 

Satisfactory 

4 



2 




6 


* There were fourteen patients in this group, but three weie not followed. 
Sixty per cent, of the patients ivho lived had satisfactory results. 


laj): No subluxation, flexion to 75 degrees, complete extension, and 
abduction to 15 degrees. 

Knee: Complete extension, and flexion to 75 degrees. 

Ankle: Plantar and dorsal flexion to from 20 to 25 degrees. 

Shoulder: Elevation to 90 degi'ees, forward flexion and adduction 
to from 10 to 15 degrees. 

Elbow: Flexion to 90 degrees, and extension to 165 degrees. 

Wrist: Dorsal flexion to from 20 to 25 degrees, and palmar fle.\'ion to 
from 30 to 35 degrees. 

In the follow-up tabulation of patients not examined recentlj', the 
statement that the joint Avas “movable and not stiff” at this time, was 
accepted as a successful result provided the joint had also been satis- 
factorily movable at the time of the patient’s discharge from the hos- 
pital. 


TABLE VI 

Analysis of Results for 112 Joints in 93 Patients 


Results 

ICnee 

Hip 

Ankle 

Wrist 

Elbow 

Shoul- 

der 

Small 

Joints 

Total 

Deaths (19 patients) 

4 

11 

2 

1 

1 

■ 


19 

Joints followed (93 pa- 
tients) 

34 

33 

12 

3 

4 

■ 

3 

Ji- 

1 

Joints examined . . . 

24 

25 

B 

3 

3 

3 

1 

CO 

Follow-up cards 

10 

8 

5 

B 

1 

1 

! 2 

27 

Stiff 

2 

5 

3 

Bi 

1 

— 


11 

Not satisfactory . . 

4 

9 

2 

1 


1 

— 

_ - . 

J7 

Satisfactory 

28 

19 

7 

2 

3 


3 

fj'j 

Percentage of satisfactory 
results in patients who 
lived 

82 

58 

o8 

■ 


H 

100 

70 
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In chocking over this scries it appears that there have been more 
unsuccessful results in patients with hip-joint involvement, particularly 
in younger children, than in any of the others. It is felt that this is be- 
cause of: 

1. Late institution of treatment, after the purulent material has 
ruiitured through the capsule and the head has been floated outward 
and upward. 

2. The difficulty of earlj’^ diagnosis. 

3. Failure to maintain the limb in abduction and extension following 
incision, for a sufficient length of time. 

Other reasons for bad results are: 

Poor coojieration between the patient and the attendant when active 
motion is first begun, following operation. The surgeon, himself, must at 
least supervise, and in most cases carry out, the treatment until routine 
motion is established. This phase of treatment must not be delegated to 
those unfamiliar with the technique. 

Insufficient drainage. In some cases two incisions at the knee or 
the ankle might have been better than one. 

Too early removal or extrusion of the drain, and drains which maj’- 
have been placed within the joint b}"- mistake. 

Operative intervention in a few patients who may have been too ill. 
Aspiration, washing out of the joint, or other conservative measures 
should possibl}" have been tried. 

In the last few years an attempt has been made to reconcile the more 
radical ideas of the treatment of these purulent joints with those used 
in the treatment of acute osteom 3 ’’elitis. 

CONCLUSIONS 

1. In the author’s experience the Willems method of treatment 
of acute suppurative arthritis gives entirelj’- satisfactoiy results when 
instituted at, or verj'^ soon after, onset. 

2. Results become progressively less satisfactorj’- in proportion to 
the length of time after onset at which treatment is started. This is 
believed to be the result of several factors: 

(a) When sufficient time has elapsed for adhesions to develop, the 
pockets thus formed cannot be drained properlj'- bj^ the active move- 
ments. Indeed, it is possible, that this maj'^ be actuallj'^ harmful in 
promoting absorption from such pockets. 

(b) In cases of long standing, erosion of cartilage vath denuded 
bone areas hinder or prevent efficient active movements. 

(c) In cases of long duration, blood-stream infection is an ever- 
present danger, as well as an aggravation of existing organic diseases 
bj’- the infectious process. 

With these older cases some more radical procedure is obviousl.y 
necessary. 

1. Willems, C.: Treatment of Purulent Arthritis by Wide Arthrotom 3 ' Followed bj’ 

Immediate Active Immobilization. Surg. Gjmec. Obstet., XXVIII, 546, 1919. 
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PRIMARY PYOGENIC INFECTION OF THE SACRO-ILIAC 
ARTICULATION. A NEW APPROACH TO THE JOINT 

Report of Seven Cases 

BY LEON AVILA, JR., M.D., SAN SALVADOR, EL SALVADOR, CENTRAL AMElilCA 

From the Department of Orthopaedic Surgery, Hospital Rosales, San Salvador 

That pyogenic infection of the .sacro-iliac joint is an unusual condition 
is indicated by the fact that L'Episcopo’s report of five case.s is tlie only 
article the author found in the literature under this title.’^ 

He has recently seen seven cases of primary suppurative arthriti.'; of 
the sacro-iliac articulation, and in three of them has used a nev approach 
for the drainage of this joint when abscess formation had taken place 
anteriorly. 

TECHNIQUE OP ANTEROLATERAL APPROACH TO THE SACRO-ILIAC JOINT 

With the patient in the supine position, an incision four or five inclu.' 
long is made one-half inch above, and parallel to, the crest of the ilium, 
starting over the anterior superior iliac spine (Fig. 1). The infeiioi e gc 
of the Avound is dissected doAvn, and the attachments of the abclomina 
muscles to the crest are cut over the .superior border of the ilium, lut no 
on its outer aspect. This is done in order to leave the .skin flap and urn ci- 
lyiug structures attached to the crest of the ilium, thus pre\ enting t m u ^ 
traction of the lower edge of the incision. After cutting the 
attachments of the abdominal muscles, the periosteum is incisec a 
.same level; then, with a periosteal elevator, the iliacus muse e is ^ 
.subperiosteally, following the anterior aspect of the ilium in a 
slightlj’- doAvnward direction. This muscle is retracted pj. 

from then on the periosteal stripping is carried out by the g oacc 
Going deep enough, the lateral attachments of the 
the joint are found; these are cut, or detached with the peiios ea ^ 

The joint can then be explored in all its length. By exten mg ( 
further liack, with good retraction, the articular surfaces o 
sacrum can easily be exposed. The wound is left open anc pa 

vaseline gauze. Healing is assisted by intra-abdomina 

takes place and drainage diminishes, the vaseline gauze pac 
ally pushed out. 

discussion ^ 

In the seven cases reported (Table Ij, staphylococcu. ii 
joint Avas proved in three, .streptococcus Avas responsij e n^^^ for- 

organisms in the other three are unknown. In six ca. e. 

*The articl&s by O. C. Hudson were not known to the author until .iflc 
article had been written. 

Tin: jonixAi. of nosn .anp Jo's 
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Illation took jilacc' anto- 
riorly, and. altliougli tho 
iliac fossa of the affected 
side was painful in all, a 
real indieation that the 
abseess was forming an- 
tc'riorlj', as a hard tumor 
on the iliac fossa, did not 
ajipear until the fifteenth 
or twentieth day after the 
onset of .symptoms. Thi'' 
tumor, on ex])loration. 
jn-oved to be the iliacus 
muscle which reacted to 
the infection in the form 
of an inflammatory myo- 
sitis, such as is sometimes 
seen in the presence of 
osteom3mliti.s elsewhere. 

This tumor was not the 
absces.s which was located 
deep in the iliac fossa, and 
this fact should be stressed, 
because it would be po.s- 
sible to cut into the muscle and not reach the deeper abscess. 

Only two cases will be described in detail, as the clinical picture has 
been practicall}'^ the .same in all. 

Case 1. S. E., male, aged nineteen, was well until February 27, 1940, when he felt 
pain in the left side of the back, which radiated down tire left leg. On admission to the 
hospital, February 29, 1940, he was suffering such severe pain that the slightest movement 
was intolerable. His temperature was 39 degrees centigrade, and the blood count was : 
red blood cells, 3,500,000; white blood cells, 15,000. After one and eight-tenths gram.s of 
sulfanilamide had been given daily for six days, the temperature became normal, but 
the pain persisted unabated. 

This patient was referred to the writer on March 30, 1940. 

Physical Examination: There was exquisite tenderness to pressure over the left 
sacro-iliac region. The lumbar spine was obviously flattened, and there was marked 
muscle spasm in the lumbar region. There was pain along the sciatic nerve, but no 
objective neurological signs were elicited. The straight^leg-raising sign was positive on 
the left side. The abdomen was soft and painless, but on the left side a tnass could be seen 
filling the iliac fossa to the anterior superior iliac spine, and all along the fossa a hard elon- 
gated mass ivas felt. Pain was only elicited on deep pressure over this area. 

Roentgenograms taken March 28, 1940, showed a destructive le.sion of the left sacro- 
iliac joint (Fig. 2-A). 

Operation: Arthrotomy was performed on April 5, 1940, through the anterior ap; 
proaeh alread}’ described. 

A small amount of pus was found, and the wound was left wide open. .An incision 
was made into the hard, fibrotic mass which was found to be the iliacus mu.=cle. Two 
days after the operation, the patient began to feel relief from the pain which disappeared 



Fig. 1 

Drawing of the incision above the iliac crest. 
Dotted line .shows the location of the incision of the 
aponeurosis on the superior aspect of the iliac crest. 
Idle inferior edge of the wound has been retracted 
down for illustrative purposes. 

A.S.S. =anterosuperior spine; P.S.S. =posterosu- 
perior spine. 


von. XXIII XO, 4 OCTOllKK 1041 


924 


LEON AVILA, JR. 


completely a week afterwards. This patient was operated upon again through the same 
incision because of insufficient drainage; he made a complete recovery (Fig. 2-B). 

On culture of the pus, the offending organism was found to be staplijdococcus albus 



Fig. 2-A 

Case 1. S. E. Roentgenogram taken March 28, 1940, eight days before 
operation, shows well the sacro-iliac joints. Note the destruction on the lelt; 
the right one is clearly seen. 
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Fig 3-A 

Case 5. C. 0. Roentgenogram taken August 9, 1940, before operation, shows 
some destruction of the right sacro-iliac joint 



Fig. 3-B 

Case 5 CO. Roentgenogram taken December 18, 1940, three months after 
opeiation, shows trabeculation and ankjdosis on the right side 
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Case 5. C. O., a nine-year-old girl, was hospitalized on July 27, 1940, because of 
high temperature, inability to walk, and pain on the right side of the lower back. Tlicre 
was an adduction, internal rotation, and flexion deformity of the right lower limb, and 
a fainfid Imnor in the right iliac fossa (Fig. 3-A). A diagnosis of psoitis was made, and an 
abscess was di'ained through an incision one inch above the right inguinal ligament. Due 
to the persistence of her symptoms, she was transferred to the Orthopaedic Service on 
September 8, 1940. 

The tumor of the iliac fossa was still present, in spite of a draining sinus from the first 
operation, and there was tenderness over the sacro-iliac region on the right side, whicli at 
this time was obviously swollen and warm. 

Roentgenograms taken at that time showed some increase in density of the surround- 
ing bone of the right sacro-iliac joint. 

Primary acute sacro-iliac arthritis was diagnosed, and the patient was operated upon 
by the anterolateral approach, disregarding the previous abdominal incision. 

On culture the offending organism was found to be staphylococcus. 

Operative Findings: The right sacro-iliac joint was explored in all its length. The 
anterior edge of the articular surface of the sacrum was sharp, and it formed a step of 
about one-eighth of an inch. Abnormal motion was induced by applying force on the 
ilium in different directions. 

Postoperative Course: Two days after the operation the pain had decreased and at the 
end of a week had disappeared completelj’^; the temperature became normal; the patient 
was allowed up at the end of a month. She had a limp, due to the deformity of the right 
lower limb, but no pain. By December 10, 1940, the limp had disappeared, the woun 
had healed, and she was able to run and jump with no trouble whatsoever. The primarj 
wound had healed soon after good drainage had been provided by the second operation. 

All cases reported in Table I were primarily of an acute supportitn e 
arthritis. In each case roentgenograms showed only a destructive lesion 
of the joint. These patients were all followed for five months aftei cis 
charge from the hospital, and remained well, — none complaining of phui m 
the back. Roentgenograms taken one and two months after the opei ation 
showed no increase in the destruction of the articulation; on the contrar}, 
trabeculae had started to form between the sacrum and the ilium, nu i 
eating the beginning of ankylosis. 

Of these patients only four required operation. Three of t le 
tions were performed through the anterior approach, and one thioug i 
Smith-Petersen incision for the sacro-iliac joint. The three patien 
were not operated upon showed all the characteristic signs of 
sacro-iliac arthritis, including roentgenographic, but the viru cnce 
pathogenic agents was probably mild, and the patients 
conservative treatment. Pain was the principal .symptom to 
ered, as temperature was controlled by the use of sulfanilann c a 

vaccines in all but two cases (Cases 3 and 5). levclopcd 

Two of the patients were women in whom the disea. c 

vdthin three days after delivery. 

SUMMARY AND CONCLUSIONS 

Of seven ca.ses of primary pyogenic infection of of three 

three were due to staph 3 ’’lococci, one to .streptococci, an 
was not known. All seven patients made a complete rcco% 

.r,.v-r =ritur/o 
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r 

o 

1 

Cured 

Cuied 

Cuied 

Cured 

Cured 

Clued 

Cuied 


Coii'-Gi viitive 
Treatment 




Yes 


Yes 

Ji 

o 

CO 

Operation Perfoi met! 

O C 

o c 

CT C. 



Yes 






S'h 

5 2 
^ c. 

<< 

Yes 

! 

Tf 

(U 



X 

0) 



CO 

. 

Fcvei 

Conti oiled 

Yes 

cy 

No 

Yes 

o 

Yes 

Yes 

iC 

] 

Sciatic 

Pain 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 


Flexion Adduc- 
tion Internal Ro- 
tation Deformity 

No 

No 

Yes 

No 

Yes 

Y'es 

Yes 


Posterioi 

Swelling 

No 

No 

Yes 

No 

Yes 

No 

No 


Tumoi of 
the Iliac 
Fossa 

Yes 

Yes 

No 

Yes (veiy 
small) 

Yes 

Yes 

j Yes 

O 

Chief 

Complaint 

Pam in 
back 

Pain m 
back 

Pam in 
back 

Pain in 
back 

Pain 111 
back, 
inability 
to w alk 

Pam in 
back, 
limp 

Pam in 
back, 
fevei 


Sex and 
Age 

Male 

19 

Male 

19 

Female 

30 

Female 

17 

Female 

9 

Male 

37 

Male 

9 

Total 

Case 

No 

- 

cs 

CO 



cc j 

1 
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Due to the peculiar anatomy of the joint, a posterior approach will 
not drain an anterior abscess, and vice versa. In this small series of seven 
cases, the abscess formed anteriorly in six patients. 

The author has found a new anterior approach valuable. 

The author is indebted to Don E. King, M.D., of Stanford Universit}’' Hospital, San 
Francisco, California, for the correction and sound criticism of this article. 
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IKTERINNOjMINO-ABDOMINAL (HIND-QUARTER) 
AMPUTATION 

BY SETH SELIG, M.D., F.A.C.S., NEW YORK, N. Y. 

Billroth, in 1891, i)orformcd the earliest recorded interinnomino- 
abdominal amputation, but the jjatient survived onl}'^ a few hours. Since 
then, a considerable number of successful cases have been reported in 
the English, French, German, and Russian literature. Gordon-Taylor, 
a British surgeon, reported the amazing total of eleven cases with four 
deaths. However, only two successful cases (surviving a week or longer) 
have been i-ej)orted from this countiy. 

C.VSE REPORT 

J. J., a male Puerto Rican, aged twenty, was admitted on Januarj" 24, 1940, to the 
author’s Service at the Mount Sinai Hospital, because of pain and swelling of the left 
hip region of three weeks’ duration. General physical examination was negative except 
for a few small shottj' lymph nodes in both inguinal regions, limitation of motion of the left 
hip joint in all directions, and a tender, semifiuctuant mass about the size of an orange 
over the greater trochanter. The temperature ranged between 100 and 104 degrees, and 
any movement of the hip caused agonizing pain. Aspiration of the mass was unsuc- 
cessful. The tuberculin test and the Wassermann test were negative, and the urine 
showed no pathologically formed or chemical elements. The blood count revealed a 
hemoglobin of 87 per cent, with a red-cell count of over 5,000,000. The sedimentation 
rate was rapid. Roentgenographio examination of the hip, the pelvis, and the lungs 
failed to reveal any abnormalities. 

On February 7, an incision was made over the greater trochanter and a large amount 
of gray, necrotic, semifluid tissue was obtained. In addition, specimens were removed 
from the wall of the cavity. Because no roentgenographio evidence of bone involvement 
was noted, the pathologist reached the conclusion that the tumor was a round-cell sar- 
coma, possibly of synovial origin (Fig. 1). The roentgenotherapist was then called in 
consultation, and after examining the patient and the specimen, he stated that synovial 
sarcomata were not radiosensitive, and that even if roentgenotherapy were desired, it 
should be delayed until the wound had healed. At that time, the wound was gaping 
and the neoplasm had begun to protrude from the wound. The condition of the patient 
was pitiable. Because of the desperate situation, and because roentgenograms of his 
lungs and bone structure failed to reveal any evidence of metastases, it was felt that the 
patient should be subjected to a hind-quarter amputation. 

On February 23, 1940, spinal anaesthesia was administered, using 120 milligrams of 
neocaine. In spite of the fact that the spinal anaesthesia was smoothly given, it was 
not effective, and it was necessary to use supplementary gas-o.xj'gen-ether anaesthesia. 
An intravenous drip of saline was started before the incision was made, and blood was 
available for a continuous transfusion during the operation. The patient was placed in 
the supine position, but the left lower extremity was draped in such a fashion that he 
could be turned onto his right side without disturbing the drapes. The surface of the 
biopsy wound, which was obviouslj' infected and through which the neoplasm was be- 
ginning to bulge, was thoroughly cauterized with the actual cauterj'. The author had 
the able assistance of Dr. R. Colp during the entire procedure, particularly in dealing 
u-ith the structures about the inguinal ring and Poupart's ligament. 

The incision followed closel 3 ^ the description given bj’ Pringle, which in turn re- 
sembled the incision of Girard except that no mesial flap was planned. The incision 
began at the mesial aspect of the thigh about one inch distal to the crural-scrotal fold. 
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Fig. 1 

High-power photomicrograph of the neoplasm (endothelial myeloma). 


and continued anteriorly about one inch below Poupart s ligament, gra ua ‘ ‘ ^ 

ing Poupart’s ligament until the incision reached the anterior superior spine 
Poupart’s ligament was cut laterally where it takes origin from e i (^.,(.10(1 

and Gimbernat’s ligament were severed mesially, and the spcima ic coi ^ tran.®- 

mesiall}'. The rectus abdominis muscle was cut close to the pu nc wnc, 
versalis fascia enclosing the abdominal contents was pushe j ^^.ic 

steps the superficial and inferior epigastric vessels and the ciicum [ pon- 

severed, readilj^ clamped, and ligated. The upward displacemen o uiptcr 

tents proved surprisingly easy because the proper plane ha een leac jpolalini: 

remained with the peritoneum and was not seen during t e opera i doubly 

the external iliac artery, the external iliac vein, and the femora nerve 

ligated with heavy silk, and cut across. During the opeia ion, pieveiit 

trunks which were severed, were all ligated before section. tliec.ascofthe 

bleeding from the arteries that course with or along the nerve fneein with the ali- 

sciatic nerve, alcohol was injected before section. The . ]j,teral wall of 

dominal contents could now be pushed further upwai , ,^jnng the later.il 

pelvis. At this point the obturator artery and nerv'c cou 

wall of the pelvis in their course to the obturator foramen. pushed toward the 

doubly ligated, and cut. The bladder, with simrounding a- 

right side, away from the symphysis pubis, and the ^ , ^;ns protected by the 

cut through with a scalpel. During this procedure, the bladdc. 
author’s hand. -i „,,rl the incision was continued alonC 
The patient was then turned on his right side, a posterior -'i ' 

fc Iltoc Lst. to .ho posterior superior *ine - ’^’TZ 

perior spine of the ilium to the gluteol foW. .-hen the ,»h™' 

where it met the hegiuning of the incision nhich . ...eiioir.v 

T„n,ovi.N*i.ori.onnsh''>«"""' 



INTERINNOMINO-ABDOMINAL AMPUTATION 


931 


suRiiu'. On cutting tiirouRii (hp p;Iu(eiis maximus, the uppermost portion of the neo- 
I)h\sm was incised. The instruments weic changed, and the inoision was made at a 
higher level to comi)letely circumscribe the tumor. The incision was carried to the 
bone through tlie glutcu.s 
maximus, and then car- 
ried along the posterior 
margin of the ilium. The 
suircriorghiteal artery was 
carefully watched for, 
doubly ligated, and cut. 

This is a large vessel 
which can cause a fatal 
hemorrhage if it is cut 
and )iermitted to retract 
into tlic pelvis. Anterior 
to the gluteus maximus, 
the sciatic nerve and in- 
ferior gluteal (sciatic) ar- 
tery were exposed, doubly 
ligated, and cut, after the 
nerve had been injected 
with one cubic centimeter 
of absolute alcohol. The 
internal pudic arteiy was 
exposed, tied, and cut 
where it crossed over the 
spine of the ischium after 
leaving the pelvis. The 
sacrospinous and sacrotu- 
berous ligaments u-ei'e cut 
with slight bleeding. The 
coccygeus and levator ani 
muscles were cut, and tlie 
softpartswerethenstripped 
from the rami of the pubis 
and ischium, care being 
taken to keep close to the 
bone. No bleeding at all 
was encountered during Coronal section through the hip joint, showing the 
this last step, because the relationships of the neoplasm to the surrounding structui es. 

internal pudic artery had 

been tied. Commencing near the posterior superior spine of the ilium and sawing down- 
ward into the great sacrosciatic notch, the iliac bone was then sawed through, close to 
the sacrum. This is much simpler than attempting to disarticulate the sacro-iliac joint. 
The pelvis was then connected to the bodj' only by the psoas muscle which, after ligation, 
was cut through just above the pelvic brim. 

The wound was closed by heavy tension mattress sutures of silk. No attempt was 
made to close the wound layer by layer, as the patient’s condition w as giving concern 
at that time, and speed was necessary. Two rubber-dam drains and two packings ueie 
inserted at the upper and lower angles of the wound, and a compression gauze dressing 
was applied. The total operating time was ninety-five minutes. 

Attention should be called to the fact that the internal iliac artery was not tied, 
but meiely the important branches as thej' came into view. It has been noted that if 
both the internal and external iliac arteries are ligated, there may be necrosis of the 
flaps. With this procedure, theic was surprisingly little bleeding. A continuous intra- 
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Fig. 3 

Postoperative photograph of the patient, showing the healed anteiioi pait 
of the wound, and the large granulating posterior portion. 


venous infusion of citrated blood was given, and during the operation and immc 
afterward the patient received 1200 cubic centimeters of blood. nqticnt 

After the operation had been finished and the anaesthesia was s oppec , ‘ 

rapidly regained consciousness, but it was deemed unwise to remove 
operating table immediately, and he left on the table in the ^ 

At U ;45 in the morning-that is one hour and a hall atle, the conelus.on of 
tion — the patient’s blood pressure was about 106, and his condition appeare 
A bed was then moved into the operating room, and the patient vas care u 
the operating table into the bed. Immediately, his condition . j^jg j^iood 

change. He became exceedingly pale, his pulse became impercepi ) , ^ 
pressure fell to fifty-five systolic. He was given an additional 3UU cun ^ 
of blood, and the foot of the bed was raised to combat t e s oc '. intra- 
milligrams of desoxycorticosterone intramuscularly , and six minims quickly fcH 

venously. Within a few minutes, his sj'stolic blood pressure io,.e o , |,p(} as 

to 128, at approximately which point it remained for the res o le * rp^gufjelcnlnirp 
wheeled to the ward with the foot elevated, so that at no time va ;„,nmvcd, and lie 
position lost. From that point on, the patient s condition rapi 

voided spontaneously the night of the operation. norforafed throngl* tia’ 

The specimen proved most interesting. The grow ' ^ noint tlie fibers and 
iliac bone into the pelvis and lifted up the iliacus muse e. o" were enlarged 

the muscles were pushed apart by the growth. The c color. The 

to the size of a plum. On section they were soft anc j c “ ^ similar apiiearanre 
superficial inguinal nodes were only moderately enlarger , ‘ (j,g tumor wlneb 

on section. The gluteal muscles were also lifted up bj la P .j, q) tlirongb tbe 
arose from the lateral aspect of the iliurn. Upon «3;\;7*;°gi,,counding atnictims 
ilium, hip joint, and femur, the relationship of the diameter, 

could be noted. The tumor measured fifteen centimeters m its 

:n jotJRN’AL or bonk a.vi> • 
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Fig. 4 

Postoperative roentgenogram of the patient, showing the small segment of ilium, 
remaining after amputation. 

The tumor was also firmly fixed to the external and uppermost aspect of the capsule 
of the hip joint. The pathological diagnosis of the resected specimen (Fig. 1) was an 
endothelial myeloma (Ewing’s tumor). This diagnosis was not made from the original 
biopsy specimen, because no bone origin or involvement of this huge growth was dis- 
cernible on the roentgenograms. Had the author been aware of the true diagnosis 
before operation, he would have advised roentgenotherapy, rather than the radical 
operation. 

In a few days after the operation the patient’s morale rose, because he had been 
relieved of the severe pain. He developed a mild infection in the wound, which re- 
sponded to sulfanilamide. There was some gaping of the skin and sloughing of the fascia, 
but the deeper structures healed well (Figs. 3 and 4). There was no evidence of hernia- 
tion through the wound. (Keen mentions the theoretical danger of hernia, but the 
strong transversalis fascia is sufficient to prevent herniation of the abdominal contents.) 
Healthy granulation tissue appeared in the wound, and epithelization of the edges pro- 
gressed rapidly. Some difficulty in spontaneous bowel movements was encountered, 
and daily enemas were necessary. 
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After several weeks, a change was noted in the patient’s condition. Ho lost weight 
and strength, his appetite decreased, and a gradual recurrence of pain was noted, llis 
subsequent course was rapidly downhill, and multiple metastascs developed to the 
lungs, pleura, and liver, as well as lymph nodes, and a local recurrence at the operative 
site. Roentgenotherapy failed to halt the progress of the neoplasm. 

The patient died forty-five days after the operation, and autops}^ revealed the mul- 
tiple metastases noted above. 

The extreme rapidit3'' development of the metastases where none 
had previouslj^ been noted bj'- careful roentgenographic examination 
makes one wonder whether the operation itself ma}’’ have hastened their 
development. 

The operation is a multilating one, and it is attended b}" a high 
mortality, but it should be attempted in cases presenting a radioresistant 
neoplasm about the hip joint, too high for disarticulation. Of course, a 
careful preoperative examination must be made b3’’ clinical and roent- 
genographic means to rule out the presence of metastases. 

The operation has also been advised for uncontrollable chronic infec- 
tions about the hip joint and dissecting aneurysms of the femoral artery. 
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CARPAL BOSS; A COMMONLY OVERLOOKED 
DEFORMITY OF THE CARPUS * 

BY RALPH M. CARTER, M.D., GREEN BAY', WISCONSIN 

About five .years ago, there came under the author’s observation a 
jiatient presenting an unusual deformity of the wrist. The history fol- 
lows : 

Case 1. Tlie })aticnt, a single woman, thirty years of age, was a trained nurse b 3 ' 
occupation. Several months previous to examination, she had noticed on the posterior 
aspect of her right wrist a small, hard growth, apparently of bone, which had gradually 
been increasing in size. So far as she knew, there had been no antecedent injurJ^ She 
complained of only two symptoms : The hand tired rather more easilj'^ than normally, and 
thei'o was an occasional sensation as though an extensor tendon had caught over the 
tumor, and immediatoh' slipped off with a definite jerk. 

The general physical examination was negative. Upon inspection of the wrist, there 
was to be seen, upon the posterior aspect, a definite rounded tumor. This tumor, situ- 
ated at the base of the third metacarpal bone, was firm in consistencj', was painless upon 
pressure, and u-as apparenth’ firml}' attached to the underlying bone. The skin was 
freely movable above it. The tumor was approximately one centimeter in diameter, and 
was much more apparent with the hand in extreme palmar flexion (Fig. 1-A). 

A lateral roentgenogram showed that the tumor was a definite outgrowth of bone 
posteriorly from the distal articular surface of the os capitatum of the wrist, and a similar 
outgrowth from the pro.ximal ai'ticular surface of the third metacarpal; in other words, 
there seemed to be a fully developed posterior “lipping” of the articular surfaces of both 
bones, with complete preservation of the articulation itself (Pig. 1-B). 

At that time the author was unfamiliar with the condition as a clinical entity, and he 
considered it an unusual osteo-arthritic manifestation, similar to the spur formation 
which is not infrequent!}' seen at the metatarsophalangeal joint of the great toe. In 
view of the fact that the interference with tendon function was annoying, the patient de- 
sired treatment, and removal of the bone spurs was suggested. At operation, the condi- 



Fig. 1-A 


External appearance of deformity with wrist in palmar flexion. 

* Presented before the Chicago Orthopaedic Society, Chicago, Illinois, Februarv 14, 
1941. 
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Fig. 1-B 

Roentgenogram showing bone bosses at articulation of the third metacaijial 
and the capitate bone of the wrist. 


tion was found to be as was shown in the roentgenograms. The spurs weie ionio\cc , am 
the symptoms disappeared. Within a few months, the tumor had reappeaiec , ani e 
roentgenogram revealed that the preoperative condition had recurred. I ovovor, i 
has been no recurrence of symptoms, and the tumor, having again attaine i s ong 
dimensions, has since shown no tendency to increase in size. 

A few months later, a second patient was seen, with a condition simi 
lar in every respect to the first one, so far as physical and loentgenogiap ' 
examinations disclosed. 


Case 2. A male laborer, thirty-five years of age, had a 
developed, following a moderate blow on the posterior aspect o t th(* 

months previous to consultation. Symptoms were almost entire j a 
patient stated that after a hard day at work, the wrist occasiona j ac expcrifiicc 

wrist and hand seemed to tire more readily than formerly, n wev a rc- 

with the first case, surgical removal of the bone tumor ^yas a vise (hat 

currenee appeared to be a likely possibility. The patient, ' complete re- 

removal he tried. This was done, but within a comparative y s oi , ’ , (],c pay- 

currence had taken place. This was a compensation case, anc i " as 
ment of a nominal sum for possible permanent disability. 


Since then, four additional patients have come ^ „.prc 

Of these four, one was a stenographei', one was a aDorei, ^ 

housewives. . of ofi-a- 

The stenographer complained of the usual mi c . } 
sional aching and easy fatigability of the wrist. one in 

In the case of the laborer, the flncMng teas an .ne.de.nal 0, ^ 

course of a general physical exanunation. So at ^ j iii,,, no 

of the vTist had been present for several 3"ears, - ‘ 

trouble of any kind; therefore he had not soug ^ bnr.-a 

One of the housewives presented herself becau. 

.noroi-ns-AUOKnoNEASnroi.s-rMKM. 



CARPAL BOSS 


937 



Fig. 2 

RoGntgenogram showing outline of bursa which had developed over 
tile defoi mity. 


which had developed over the bone tumor, the latter being discovered 
when a roentgenogram of the wrist was made (Fig. 2). Removal of the 
bursa was suggested, but she did not return for treatment. 

The last patient, a houseudfe, came to examination because of the 
tumor, associated vith the usual mild subjective symptoms. She, like- 
wise, did not return, probably because no assurance of success in treatment 
could be given. 

Investigation of the literature revealed the fact that the condition 
which has just been described constitutes a definite clinical entity, but one 
Avhich, so far as the author is able to determine, has been described only in 
the French medical literature, under the name of “carpe bossu”, a term 
which may be literally translated as “bossy wrist” or “carpal boss”, 
using the word “boss” in the sense of a protuberance of bone. No refer- 
ence to it could be found after a careful search through a number of stand- 
ard works on orthopaedic surgery and roentgenographic diagnosis, nor 
could any references to it, other than the articles noted below, be found in 
the Quarterly Cumulative Index or Quarterly Cumulative Index Medicus 
from 1920 to the present time. 

So far as the author has been able to find, the first case was reported 
by Fiolle in 1931. Several other articles on the subject followed this first 
publication, and additional cases were reported by Fiolle and Ailland, 
Mouchet, Fiolle and Coudray, Chavannaz, Roederer and Charry, Imbert, 
and Menegaux, the last-named author reporting two cases. 

The total number of cases reported in the articles above mentioned is 
nine ; the author’s six cases bring the total on record to fifteen. However, 
the author believes that the condition is much more common than these 
figures would indicate. 

vor. xxiir. xo i, October 1941 
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The physical and roentgenographic findings are typical, and are 
well presented by the cases here shown. 

As a rule, symptoms are slight or absent, and the condition, aside 
from the cosmetic defect, is apparently of little moment. However, as in 
one or two of the author’s cases, and in the two cases reported by Mene- 
gaux, mild disability may occasionally be present. 

The etiology is unknown, and no cases are reported which would lead 
to the belief that it may be a congenital condition. Fiolle believes that 
it may be a syndrome analogous to the lesions of the Mouchet-Kohler 
type. The opinion has been expressed that the exostoses may Idg the re- 
sult of an early fracture. The author is unable to find anj'^ evidence, 
either in the reported cases or in his own, which would lend support to 
either of these views. Mouchet interprets it as a sequel of a sju'ain. 
Tavernier, quoted by Fiolle and Ailland, asks if it may not be an effort 
deformity, resulting from an occupation requiring repeated pressure from 
below upwards on the index and middle fingers, thus tending to force the 
metacarpals on the wrist bones. Menegaux feels that it is entirely possi- 
ble that the condition may have a traumatic origin. The genesis from 
trauma is explained as follows: The initial traumatism gives rise to a slight 
carpometacarpal sprain, wdth rupture or slight tearing of the dorsal liga- 
ment between the capitate bone and the third metacarpal. Then, litt e 
by little, a constantly repeated movement of the fingers, by pulling o'" 
pressing upon the already slightly traumatized region, mil give rise to an 
ossifying reaction beneath the affected ligament. There will thus le 
produced the slow formation of the carpal and metacarpal bosses, no ' 
mil naturally not attract attention until they have become somev la 


definitely developed. 

Obviously, all of these as.signed causes are speculative, and t le con 
dition has not been sufficiently studied to prove or disprove any o f mm^ 
The fact that the deformity ahvays occurs in the same location, am a m 
presents the same roentgenographic appearance, would indicate t 
etiological factor is present which is common to all; a pnou, it ^ 
pear extremely likely that this common factor might be an occupa 
one. However, when the occupations in the reported cases 
the question is not answered. Three cases occurred in mamia a ^ 
in one of whom the condition was bilateral; one in a traine niir. e^ 
stenographers, one in a seamstress, two in housewives, one ^ 
carver, and two in surgeons. In three cases, the occupation- ^ 
given. Certainlj'-, these occupations would seem to have no niio 
mon, unless it be the frequently repeated finer movenient.s o 
and this would not apply to manual labor. Furthermore, i • a j-pould 
were reallj’" active in the production of the condition, the c c orn 
be found very frequently in typists, in piano "produced it 

plajdng other instruments. That the cause which origina . ^ j,y 

in the fir.st case seen by the author probabi}’’ remaine ac n c, 
the fact that the exostoses promptly recurred after rcmo% > ^ ^ 

the JOruN'AI. OF IlO.VF. ANO -JOINT - 
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A brief rpjiorl of those eases was presented at a recent orthopaedic 
meeting ^ . During the discussion which followed, it was brought out that 
several of the surgeons present had seen one or two cases; for this reason, 
it is felt that the eondition occurs more frequently than a study of the 
literature would indicate. 

In connection with the question of treatment, one surgeon expressed 
the opinion that the condition represented an osteo-arthritis of the affected 
joint, and that removal would be entirely successful and not followed by 
recurrence if the wrist were immobilized in plaster for a few weeks follow- 
ing operation. Immobilization following operation is an interesting sug- 
gestion and worthy of trial. The author did not use it mth the two pa- 
tients upon whom he operated, and it is not mentioned in any of the re- 
ported cases. The suggestion that the condition may be an osteo-arthritic 
manifestation is open to considerable doubt. At operation, these bone 
bosses do not resemble osteophytes or lipping of the articular margin in 
any way, but seem to be an actual overgrowth of normal bone in the 
affected area. No histological studies of the removed bone have been 
made. 

Further, in connection vdth the operative treatment, Lambert, of 
Chicago, stated that he had seen one case, also in a trained nurse. The 
bosses were removed by operation, and promptly recurred; they were re- 
moved a second time, and recurrence again took place. The condition at 
present remains as it was previous to the first operation. 

Two considerations prompted the preparation of this report. In the 
first place, the disease is of interest from an academic standpoint. It is 
apparently a sharply defined clinical entity, and probably more common 
than a search of the literature would indicate. Even though it is a com- 
paratively trivial affection, orthopaedic surgeons should have it in mind 
and be able to recognize it when it presents itself, if only for the purpose of 
differential diagnosis. 

In the second place, and probably of more importance from a practi- 
cal standpoint, is the fact that disability claims may arise following indus- 
trial accidents, as in one of the author’s patients. In the published cases, 
and in his own limited experience, there is nothing to indicate that the 
condition follows a single trauma of the affected region. On the contrary, 
it appears to be a gradual development. If a single trauma were the 
etiological factor, it would seem that the disease would be frequently seen 
by traumatic surgeons, because contusions of the hands and sprains of the 
wrist are extremely common, but apparently such is not the case. In the 
one case seen by the author, in which there was a history of trauma, he 
is not at all sure that the boss was not present preceding the alleged 
trauma. Therefore, when such claims are made, the history should be in- 
vestigated with extreme care. 

Apparently these patients should not be operated upon. 

* Clinical Orthopaedic Society, Milwaukee, Wisconsin, October 15, 1940. 
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HISTOLOGICAL STUDY OF A TRANSCERVICAL FRACTURE 
OF THE FEMUR AFTER INTERNAL FIXATION 


BY ROBERT A. WISE, M.D., NEW YORK, N. Y. 

From The Fracture Service of Knickerbocker Hospital, New York 

Concentration on methods and appliances for internal fixation of 
transcervical fractures of the femur has almost completelj'' excluded con- 
sideration of the basic histological changes taking place as a result of such 
fixation. A few pathological reports have appeared in the literature — 
Palmer in 1934, Jones and Lieberman in 1938, Felsenreich in 1939, Engel 
in 1940, and Kulowski and Luck in 1941 — but, because there are manj'^ 
unexplained factors in the success or failure of this relatively new form of 
treatment, there is need for continued histological studJ^ 

It is the purpose of this paper to report the late microscopic findings 
in a transcervical fracture of the femur fixed with a vitallium Smith- 
Petersen nail. The specimen was obtained from the patient thirteen 
months after operation, when firm bony union, allowing unsupported 
weight-bearing, had developed. Death was due to carcinoma of the 
cervix. At no time, either before the fracture occurred or after operation, 
was there metastasis to the femur or an}'^ other bone. 

The following brief summary gives the essential clinical features of 
the case. 

CASE REPORT 

M. B., a woman, aged fifty-nine years, was admitted to Knickerbocker Hospital on 
June 16, 1939, with the typical physical and roentgenographic findings of an acute trans- 
cervical fracture of the right femur. The leg was placed in Russell traction, and on 
June 23, 1939, under nitrous-oxide-ether anaesthesia, a vitallium Smith-Petersen nail 
three and three-quarters of an inch long was inserted through a lateral incision. 

The postoperative course was smooth, and the patient was up in a wheel chair on 
the third day. Because of vaginal bleeding, which developed during convalescence, a 
biopsy of the cervix was taken, and this showed epidermoid carcinoma. The patient 
was discharged on July 29, 1939, and referred for radium treatment. 

Her fracture progressed satisfactorily, and in March 1940, nine months after opera- 
tion, she walked without support, had a painless hip with full range of motion, and 
showed roentgenographic evidence of bony union. However, intra-abdominal metastasis 
from the cervical carcinoma developed, and she was admitted to the Home for Incurables, 
where she died on July 31, 1940, thirteen months after the insertion of the nail. The 
proximal end of the right femur was removed three hours after death. 

Gross Pathology 

The specimen consisted of the proximal five inches of the right femur, transfixed 
with a Smith-Petersen nail (Fig. 1). There was solid bonj' union. The articular car- 
tilage of the head, and the ligamentous attachments at the greater and lesser trochanters 
were dark brown in color. The nail emerged from the center of the lateral surface of the 
shaft three centimeters below the base of the greater trochanter, and could be removed 
and reinserted, gliding inward and outward as a smooth kej' in a keyhole. The nail was 
removed, and a horizontal section cut through the center of the head, neck, and shaft. 

The outstanding feature of the horizontal section was the glistening, smooth-sur- 
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Photomicrograph ( X 180) of nail-canal membrane, sowing one of its b ganal; 

A = Nail canal; 5 = Connective-tissue layer; C = Bone layer along n 
and D = Blood vessel in connective-tissue layer. 
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Fig. 7 


Pliotomicrograph (X 800) of nail-canal membrane, showing pigment granules. 

A = Pigment granules in outer area of connective-tissue layer, B = Connective- 
tissue layer; and C = Bone layer. 

faced, gray membrane which lined the nail tract throughout its entire course (Fig. 3). 
This membrane varied in thickness from two to three millimeters and was continuous 
with the adjacent bone structure. The fracture site was faintlj^ visible and crossed the 
neck obliquely below the head. The head and neck showed no other gross changes. The 
periosteum of the neck was intact and on the shaft it dipped into the nail tiact and was 
continuous with the lining membrane. The articular cartilage was smooth, of normal 
thickness, and, save for its deep brown pigmentation, showed no gross pathological 
changes. 

Histological Study 

A section of the entire specimen was made with celloidin technique, and stained 
with hematoxylm-eosin (Fig. 4). Smaller sections were studied with Mallory-Heiden- 
hain and elastica van Gieson preparations. 

The femoral head showed the presence of noi mal, living trabeculae. The nuclei of 
the bone cells stained, and did not suggest degeneration. As there were no necrotic 
trabeculae noted, this head evidently' had not undergone aseptic necrosis. The articular 
cartilage of the head was smooth, of normal thickness, and was well preserved. It was 
deeply' pigmented, and by' special stain this pigment was shon n to be iron. The cartilage 
cells appeared viable. 

The neck showed marked subperiosteal bone formation at its inferior aspect. In 
the region of the fracture site there were bone trabeculae which appeared to be of recent 
development. In these areas of recent bone development, there were fragments of 
original trabeculae along some of which were rows of osteoblasts. 
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The Nail Tract 

A most interesting feature of the section was the membrane lining the nail tract. 
This membrane vai-ied in tliiekness at different levels, was continuous with the periosteum 
of the shaft, and completely lined the nail bed. It consisted of two well-defined layers: 
(1) an inner layer of connective tissue, and (2) an outer layer of bone trabeculae (Fig. 5). 

The layer of connective tissue was composed of fibroblasts which were arranged 
parallel to the nail, and were continuous with the connective-tissue elements of the 
adjacent marrow. Numerous blood vessels were present in the outer section of this 
layer, and in the spaces between it and the surrounding bone lamellae (Fig. 6). These 
vessels were of particular interest and could be seen at various points along the nail tract. 
At the outer margin of this connective-tissue layer, groups of small, deeply stained pig- 
ment granules were seen. Some of these granules appeared to lie within macrophages, 
others were extracellular, Ijdng in clusters between the fibroblasts. These granules were 
present only adjacent to the trabeculae or spongiosa, never near the nail. By special 
stain the pigment was shown to be iron (Fig. 7). 

The bone layer consisted of trabeculae laid down along the nail tract. The bone 
trabeculae did not surround the tract throughout its entire length, there being intervals 
wdiere the fibrous tissue layer was in contact with the spongiosa with no intervening 
lamellae. However, in the region of the head, the osseous layer was present as an en- 
velope surrounding this portion of the nail tract. Typical of the bone layer were trabecu- 
lae situated at right angles to the tract. There were some areas in this layer in which 
there had been an ingrowth from the fibrous-tissue layer, and which may have represented 
fibrous absorption of the bone ti’abeculae. These areas, how'ever, weie few. 


DISCUSSION 

The pigment granules and surrounding cells along the nail tract have 
not been described in the cases reported in the English literature. How- 
ever, Felsenreich described them in considerable detail, and thej'^ aie 
considered a constant finding. Thej'' are known as “rust granulomata 
and the statement is made that the pigment is a form of organic non 
derived from the iron of the stainless-steel nail. 

In the case here reported, the pigment is definitely iron; but, since a 
vitallium nail containing no iron was used, the pigment could not la'e 
come from the nail. It would seem that the ii’on pigment was deine 
from broken-down red blood cells, possibly resulting from the continue 
trauma of the nail forced against the surrounding trabeculae and maiion^ 

The presence of pigment in the capital cartilage and 
occurring in this case has not been previousl}^ reported, and is pio a } ^ 
unusual finding. It may be a phase of cartilage degeneration. 


CONCLUSIONS 

1 . Because of the presence of massive bone lamellae along tJ ^ 
tract, it can be stated with assurance that, contraiy to foimei e ic ^ 
tain metal alloy'^s introduced into bone do not prevent bone oi ma 

2. The new blood vessels in the connective tissue o t 

seem to be an increased blood supply, and, when carried 'n^tcrpreta- 

site, may be a factor in the better nutrition of the head. ^ 

tion was first suggested by Engel. of 

3. The nail causes the development of a fibious- i 
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considi'rablo size, not unlike a bone cyst, which traverses the head and 
neck. 

4. If the theory of the origin of the pigment granules is correct, the 
nail in ils canal causes trauma to the surrounding spongiosa and bone 
lamellae. 

The author wishes to thank Herbert Bergamini, M.D., C. Howard Hatcher, M.D., 
Henry Horn, M.D., and William C. Clarke, M.D., for their help in this case. 
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TWO UNUSUAL INJURIES OF THE WRIST 


BY VERNON L. HART, M.D., MINNEAPOLIS, MINNESOTA 


The writer wishes to record two unusual injuries of the wrist resulting 
from direct violence over the volar aspect of the carpus. 

The first injurj’’ is a fracture of the ridge of the greater multangular 
bone or trapezium which gives attachment to three of the intrinsic muscles 
of the hand and the transverse carpal ligament. 


The patient’s injury resulted from a fall upon the volar surface of the wrist, while 
he W'as going down a steel stainvay, and was considered a sprained wrist since the routine 



Fig. 1 

V ertical roentgenogram of the wrist, revealing a fracture 
of the ridge or tuberosity of the greater multangular or 
trapezium bone which forms part of the radial border of 
the carpal canal. 


roentgenograms were nor- 
mal. Two weeks after 
the injury a vertical roent- 
genogram of the wrist was 
studied because severe 
pain and tenderness over 
the volar aspect of the 
greater multangular bone 
persisted. The roentgen- 
ogram (Fig. 1) demon- 
strated a fracture of the 
ridge of the greater mul- 
tangular bone which forms 

part of the radial border of 

the carpal canal. Ade- 
quate immobilization of 
the wrist, limited use of 
the hand at w’ork, and fre- 
quent warm hand baths 
resulted in normal return 
of function after several 
more weeks. 


The second in- 



Fig. 2 

Vertical roentgenogram of the wrist demonstrating the 
bones of the carpus, which form the borders of the carpal 
canal, and the relationship between the ulnar nerve ana 
the hook of the hamate or unciform bone and the pisitoim 
bone. The ulnar nerve (indicated by white circle) crosses 
over the tip of the hook of the hamate bone and, in tne 
normal hand, can be felt slipping over the pounds rollea 

sure is made with the thumb of the opposite hmd about t injury was cons 

centimeters distal and radial to the pisiform bone. 


jury is a scar-tissue, 
ring constrictui e af 
the ulnar nerve where 
it passes over the 

hook of the hamate 01- 

unciform bone which 
forms a part of the 
ulnar border of t ® 
carpal canal (Fig- 
The volar aspect of 
the patient’s wrist vj 
injured when a bauol 
Glebing several bu"^ 

pound. roUed “P» 
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to be a spi'aiiiccl wrist for a period of seven months. During this time the patient could 
not work because of great pain and tenderness in the region of the hypothenar eminence. 
Several physicians had treated the patient, and many routine roentgenograms were 
normal. Possible diagnoses of neurosis and malingering were also considered. No 
relief of symptoms was obtained by immobilization and physical therapy. Pressure 
applied directly over the hook of the hamate bone and the ulnar nerve, or a finger’s breadth 
distal and i-adial to the pisiform bone, caused severe local pain and radiating pain into 
the fourth and fifth fingers. There was moderate, but definite swelling of the hypothenar 
eminence, and hypacsthesia over the distribution of the superficial branch of the ulnar 
nerve to the fourth and fifth fingers. 

The volar branch of the ulnar nerve crosses the transverse carpal liga- 
ment on the radial side of the pisiform bone, and ends by dividing into a 
superficial and a deep branch. The superficial branch is purel}’- cutaneous 
and supplies the skin on the ulnar side of the hand, the palmar aspect of 
the fifth finger, and the palmar surface of the ulnar half of the fourth 
finger. The deep branch is purely motor. 

Under local anaesthesia the ulnar nerve was exposed directb' over the prominent 
hook of the hamate bone. (At this level the ulnar nerve divides into the deep and super- 
ficial branches.) Immediately distal to the division there was a marked constriction of 
the superficial branch of the nerve caused by a thick ring of scar tissue which was adher- 
ent to the free end of the hook of the hamate bone. The nerve was oedematous and 
swollen directly proximal to the constriction. Excision of the ring of scar tissue and a 
neurolysis of the affected portion of the nerve resulted in complete relief of the patient’s 
disability. 
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ROENTGENOGRAPHIC RECOGNITION OF SYNOVIOMA 

BY A. P. AITKEN, M.D., BOSTON, MASSACHUSETTS 


V'ithin the past few years, there has been described in the literature 
the rather uncommon tumor known as synovioma. Unfortunately this 
term has been applied to all forms of intracapsular tumors, either benign 
or malignant, notably the more common xanthoma. The tumor to 
which the author refers, however, is one derived primarily from the cells 
of the .synovial lining, and characterized by the formation within the 
tumor of spaces lined with synovial cells. The tumor is said by patholo- 
gists to resemble closely an angioma, and to be often mistaken for it. 
This neoplasm is a sarcoma, and is either highly malignant or potentially 
so. Although the tumor is derived from synovial cells, and may thus 
arise from either a joint or a bursa, it may be found to be entirely extra- 
capsular, and to have no apparent association with either of these struc- 
tures. However, it is usually found in close proximity to a joint. Clini- 
cally, this neoplasm is seldom diagnosed prior to biopsy and microscopic 
study. MTen a soft-tissue tumor mass develops in the neighborhoo 
of a joint, the diagnosis is usually one of the benign tumors such as 
lipoma, fibroma, or cyst of the semilunar cartilage or bursa. V len 
such masses show calcification, the most common diagnosis is that o a 
calcified bursa. That such a mass may be highly malignant, or poten- 
tially so, is not even suspected, in most instances. Any evidence, t leii, 
which might be of aid in the diagnosis of this tumor, is of great va ue. 

In a recent article, Lewis' has described roentgenographic evi- 
dence which he believes is pathognomonic of this tumoi. 
this evidence was present in only 25 per cent, of his cases, tie au 
believes it should be called to the attention of the orthopae ic surg 
Lewis states, “Near a joint, and sometimes involving the join ’ ^ ® 
a rounded, sometimes . rather lobulated, sharply define , so 
tumor mass. No differential diagnosis can be made on suci a ni 
itself ; but when in the mass is found a scattered and irregu ar ep 
amorphous lime, we have learned that a provisional diagnosis o 
vioma is justified.” The following case demonstrates c ear y 


genographic evidence as described by Lewis. 

G. R., aged twenty-one, entered the Lawrence Clinic, pie right 

in February 1940, complaining of a painful swelling on the ^ ® kicked in 

knee. Two years previouslj^ while playing basketball, ^few days of r®* 

region. The knee became acutely swollen and painful. accident, hoivcver, 

the pain disappeared, and the swelling largely subsided. mce gj,. ^yecks 

a mass the size of a quarter had remained. This mass vas P*'"' ought the mafs 
prior to admission. The boj' stated that, since the onset o found over 

had grown slightly larger. On examination a mass, the size o a tender, but it 

the lateral aspect of the knee joint, just lateral to the pa e a. ijutjcutaneous tif-'U*^' 
was soft, and portions of it seemed semifluctuant. le s un ^ capsule of the 

,vere freeh- movable over it, hut the ma«. -v.s firmly adherent 

vHur„unyAaor.oa-aAXDr..>.-r™on.. 
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Fig. 1-A Fig. 1-B 

Roentgenograms show amorphous areas of calcification in the anterolateral as- 
pect of the knee joint with definite extension into the joint spaces as shown in the 
anteroposterior view. There is no evidence of bone involvement. 

joint. There was a flexion deformity of 30 degrees, with considerable quadriceps atrophy. 
There was no free fluid present within the joint, and no capsular thickening was present 
elsewhere about the joint. The roentgenograms (Figs. 1-A and 1-B) revealed the mass, 
and within it a diffuse amorphous-lime deposit. This deposit clearly extended into the 
infrapatellar fat pad. The roentgenograms were shown to numerous roentgenologists 
and orthopaedic surgeons, but no definite diagnosis was made. It was thought that it 
might be a calcified hematoma, as the mass was noticed after definite trauma to this 
region. 

At operation the tumor was found to be well encapsulated, was of grayish color, 
and very friable. On dissection laterally, however, the mass was found to have invaded 
the fascia lata. Medially the tumor was easily lifted off the tibia and lateral condyle 
of the femur. At the lateral border of the patella, however, the tumor extended into 
the infrapatellar fat pad, and here the sjmovial membrane was involved. The synovial 
membrane in this area was excised, and as traction was made on the mass on dissection, 
the whole tumor suddenly separated from the surrounding fat pad, showing a cylindrical 
mass of tumor, about one and one-half inches in length, which had extended through 
the fat pad to the medial side of the knee joint. This section apparently was also well 
encapsulated. Although the nature of the tumor was not recognized, its friability and 
tendency to invasion led to the belief that the tumor was malignant. 

The tumor was first reported as an angioma. Dr. Beach Hazard, however, i eported 
the mass as a malignant synovial sarcoma. His report is as follows; 

“Gross Examinalwn. The specimen consists of approximately four iriegularly 
shaped masses of tissue received fixed in formalin. These measure up to three and five- 
tenths centimeteis m diameter. On section they are found to be of white color, of 
lather firm consistency as received, and several present a few yellouish patche.s. One 
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fragment of tissue is a semilunar cartilage, along the margin of which is a somewhat 
blood-stained but otherwise grayish-white tissue. 

"Microscopical Examination: The tissue masses are formed for the most part 
of small dark-staining cells of spindle shape, occasionally somewhat curved, which 
occur in rather broad sheets, present occasional pinkish hyaline zones, and with fre- 
quent zones of calcification. In addition to this picture there are occasional spaces, 
irregular in contour and with papillary projections extending into them at times, which 
are lined by epithelial-like cells of cuboidal or low columnar type. Many mitoses are 
present in some regions. A section through the semilunar cartilage shows the margins 
to be invaded by spindle-shaped cells as described. 

"Diagnosis: Synovioma, with extensive calcification.” 

Because of the malignant nature of the tumor, amputation was advised, but re- 
fused. The boy was then seen once a month for seven months. During that time he 
had no pain and there was no evidence of recurrence either clinically or by roentgeno- 
grams. Four weeks after his last visit, in October 1940, the boy again returned complain- 
ing of pain. Examination at that time revealed the presence, in the scar, of three small 
tumor masses about one and one-half inches apart. There was no fluid in the knee joint, 
and the roentgenograms were negative. One week later, amputation at mid-thigh was 
performed. At that time not only had the three areas increased in size, but a fourth mass 
had made its appearance. Examination of the amputated knee showed numerous tumor 
masses within the joint, and several large masses in the popliteal space, two of which 
had extended well into the lumen of the popliteal vein. 

Six months after amputation the boy was well, and there was no clinical or roent- 
genographic evidence of pulmonary metastasis, but on July 19, 1941, examination showed 
multiple metastases to the lungs. 

SUMMARY 

Synovioma or .sarcoma of the synovial membrane is a rather laie 
form of tumor. Its occurrence is, however, being reported in the litera- 
ture with increasing frequency. The diagnosis is seldom made clini 
cally. 

This case is presented to illustrate the roentgenographic appeaiance 
of this tumor as described by Lewis, and to call it to the attention o 
orthopaedic surgeon. 

' Lewis, R. W. : Roentgen Recognition of Synovioma. Am. J. Roentgenol., X 
170, 1940. 
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Introductory Remarks at the Annual Meeting of the Orthopaedic 
Section of the Royal Society of Medicine * 

BY ROYAL WHITMAN, M.D., NEW YORK, N. Y. 

This Meeting enables me to establish what maj'^ be a record of active 
service, since there is an interval of sixty j’^ears between mj'^ first appoint- 
ment, as an intern, and my last, as Consultant to the American Hospital in 
Britain. 

Furthermore, as the onlj' survivor of the first regular meeting of The 
American Orthopaedic Association, held in 1887, it ■will appear that my 
active life covers practicallj’- the entire period of the development of the 
specialty. 

The term “ ortliopaedic surgeiy” was suggested by a New York sur- 
geon, Valentine Mott, to signify the combination of operative and mechani- 
cal surgery, which, he predicted, would inaugurate a new era in the healing 
art, — a prediction that has been amply justified. 

At this first meeting, the amalgamation of what until then had been 
antagonistic forces was far from complete. The President was an orthodox 
mechanician, permitting no operative treatment at the hospital that he 
controlled, because it would prevent the normal development of what he 
called “mechanico-therapj'’”. He was a militant upholder of the traction 
treatment of hip disease, designed to permit motion without friction and 
thus to preserve the nutrition of the limb and to prevent ankylosis. He 
felt constrained, therefore, to use his influence to oust a colleague from his 
post at St. Luke’s Hospital because he had been infected by the fixation 
heresy of Thomas. 

At this meeting only a small contingent could qualifj'' as orthopaedic 
surgeons. The outstanding representative of the new order was Dr. 
E. H. Bradford, whose son is now a member of the staff of this Hospital. 
He founded the Boston School, which has made so many valuable con- 
tributions to the development of the specialty. 

The surgeiy of the period was purelj'^ corrective in scope. Construc- 
tive surgery was a later development. Constructive surgery implies the 
readjustment of the latent power of a disabled member to restore as far as 
may be its most important function, — primarily locomotion. 

I think m.yself fortunate that, having had no instruction in the new 
departure, I was obliged to depend on my own observations and de- 
ductions. Thus unwittingly I followed the footsteps of John Hunter. 

I had an unusual opportunity for self-education, for I worked for 
forty 3 ’^ears in a hospital where the patients were not restricted bj'^ artificial 

* A few months ago Dr. Whitman, who has resided in London for several years, was 
appointed Consulting Surgeon to the American Hospital in Britain, and these remarks 
are part of an address given at a meeting held at that Hospital on June 2S, 1941. 
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conventions, combining in a continuous service both the out-patient and 
in-patient departments. 

From this experience I came to the conclusion that the one ivho had 
analyzed the disability and planned the reconstructive procedure, who 
had carried it out according to specifications, and who by constant over- 
sight had detected and supplemented its weak points was most competent 
to judge of its relative utility. These conclusions were so often at variance 
with what is called the consensus, that for the greater part of my active 
life I have been a member of the opposition. 

Looking laackward, I recall a dinner given by the Tavern Club to 
James Russell Lowell, lately I'cturned from sendee at the Court of St. 
James, on his seventieth birthday, at which Oliver Wendell Holmes wel- 
comed him to “life’s fair field beyond the seven-barred gate”. I contin- 
ued in active work long after entering this enclosure, and I now find myself 
opposed to the statement of the Psalmist to the effect that those who reach 
eightj" years can expect only labor and sorrov^; for, since reaching this 
landmark, I have had the privilege of participating in the Battle of Brit- 
ain, at least to the extent of having my windows l^roken. Moreover, I 
have receiimd the great honor of election as Honorary Fellow of the Royal 
College of Surgeons and of the Royal Societ.y of Medicine. This recogni- 
tion of my work was the more appreciated because its foundation was laic 
in London, in the intensive study of anatomy in Cook’s School, establishec 
in St. George’s graveyard, and I am glad to have the opportunity to pai a 
belated trilnite to the memoiy of the best teacher that I have ever knovn. 
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A SIMPLE APPLIANCE FOR THE CORRECTION OF GROSS 
DISl’LACE.AIENT IN TIBIAL FRACTURES 

BY II. K. CHRISTIE, M.CH.(n.Z.), F.R.C.S.(enG.), F.R..V.C.S., W.VKGAXUI, 

NEW ZE.VLVND 

Majoi K.Z.M.C., Oilho)mu]}c Siiigcnn to No. 1 N.Z. Gtnaal Hospital, Middle 

East Eora 

The displacement'^ which result from fractures of the long bones 
include .shortening or overlap, lateral displacement, angulation, and 
rotation. All of these mu.st be kept in mind to ensure accurate reduction 
and good functional rejiair. 

The.se four deformities are to some extent interdependent, because 
angulation causes further shortening, while overlap is prone to cause 
“ cro.ss union ’’with the lo.ss of movements of normal rotation. Shortening 
and angulation are of pai'ticular importance in the lower limb in relation 
to ambulation, and lateral displacement is a source of non-union. 

IMuch ingenuity and unremitting care have been expended by ortho- 
paedic surgeons in devising apparatus for the prevention and correction 
of such deformities, and, although a certain degree of standardization 
of methods has resulted, tliere is still room for improvement in these 
methods. 
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Fig. 1 

Roentgenogiam taken October 9, 
1939, shows lateial displacement and 
overlap, and the piesence of callus be- 
tween the bone ends Tlie ice-tongs 
cahpei has been placed too loii . 



Fig. 2 

Roentgenogram taken Octobei 20, 
1939. Stemmann pins liave been in- 
serted, and bone disfractors of the Hoy 
Gloves type applied. Half tlie -iioit- 
ening was coriected at once, and the 
other half during the following week 
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Much of the fracture apparatus in present use has certain disadvan- 
tages: (1) It is cumbersome and costly; (2) it is not self-contained (that 
fo is, it depends on weights and pulleys at- 

1} tached to frames and bedsteads) ; (3) it does 

provide, in one apparatus, exact control 
/ \ of all three deformities and. at the same 

I time, sufficient traction to correct fractures 

I imperfectly aligned and already partly 

I I united. 

I In planning the apparatus used in the 

I f presented, it was the author’s aim 

I to overcome these defects as much as 

■ ^ ^ ’'ft* possible. 



t:* 

'nh 



Case 1. On October 9, 1939, the patient was 
admitted to the Fracture Clinic of the Wanganui 
Hospital, New Zealand, four weeks after an accident, 
with unreduced compound comminuted fractures of 
the shafts of the tibia and fibula and gross shortening 
of one inch (2.5 centimeters), lateral displacement, 
and much callus separating the bone ends. An 
ice-tongs caliper was in position (Fig. 1). 

It was necessary to provide powerful distraction 
of the fragments and lateral correction, in spite 
of the resistance of spongy callus. 

Fig. 3 

Showing use of distractors of the Hey Grov^ type 
for compound fracture with overlap and shortening. 


Fig. 3 
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On October 20, 1939, Steinmann pins and distractors of the Hey Groves type 
(Figs. 2, 3, and 4), in association with a Braun splint, were used to restore length. 
Restoration of half an inch (1.25 centimeters) was obtained immediately, and the re- 
maining half inch during the next six days by daily turns of the screws. 

Lateral correction was obtained November 1, 1939, under a local anaesthetic, by 
making small slits in the skin over the tibia and introducing the shouldered ends of the 
“lateral eorreetors” (Figs. 5 and 6). The powerful thumbscrews were turned, crushing 
the callus and easily correcting the lateral displacement. An unpadded plaster was 
applied. 

A cortical sequestrum seen in Figure 5 was removed March 7, 1940, after union had 
become firm. The result is shown in Figure 7. 

The apparatus is also-useful for the gradual lengthening of a shortened 
limb after a corrective osteotom}'-. 

A smaller distractor of the same type ma}'- be used for the correction 
of double fracture of the shafts of the radius and ulna, — the wires being 
passed through the olecranon and the lower ends of the radius and ulna. 

Care must be exercised not to overdistract the bones, but this will 
not occur if roentgenographic control is used. 


and joint sunosRV 


the journal or bone 



THE COXSER\'ATIVE TREATMENT OF SERRATUS PALSY 

BY JOSEF WOLF, M.D., DAVENPORT, IOWA 

As with other typos of muscle palsj'^, the isolated paralysis of the serratus 
anterior can be divided into two stages: the acute paralysis from which re- 
covery is possible, and the late stage in which the paralysis is permanent. 
The same kind of orthopaedic appliance cannot be used for both stages. 

For the former, the purpose is to splint the muscle in a position of 
complete relaxation, which eliminates the action of its opponents and, 
thereby, favors recovery. 

According to Horwitz and Tocantins, derotation of the scapula is the 
most important means of restoring the tonicity of the paralyzed serratus. 
Theii' brace for serratus palsy consists of a celluloid bucket, which is 
fastened to a pelvic rest, and receives the flexed elbow, thus eliminating 

the influence of the weight of the arm 
upon the shoulder and the antagonistic 
action of the biceps muscle. Other 
orthopaedic appliances for acute ser- 
ratus palsy are Mackenzie’s sling 
about the neck suspending the arm 
by the wrist, and Faucor’s “clover- 
leaf sling”, encircling the unaffected 
shoulder, the neck, and the wrist of the 
affected side. Berkheiser and Shapiro 
use a plaster spica, and Fitchet an 
aeroplane splint. All devices but that 
described by Hormtz and Tocantins 
only counteract the weight-bearing, 
and the action of the biceps muscle, 
but do not derotate the scapula. 

An appliance for the late stage of 
serratus palsy, in which the paralj^sis 
is permanent and operative treatment cannot be undertaken, (1) must 
allow complete use of the arm, (2) must press the winged scapula in its 
normal position against the wall of the chest, and (3) must prevent its 
rotation. Thomson and Miles have devised a direct pressure jiad over 
the scapula which, however, does not derotate the scapula. 

The brace which is here described fulfills all three requirements. It 
consists of a metal pad over the protruding scapula, which is molded deep 
enough to receive the triangular shoulder blade and to hold it with the 
inner border parallel to the spine, and a second metal pad over the un- 
affected scapula. Both metal pads are connected by three metal springs. 
The lowest of these springs extends over the two pads and anteriorly 
under the armpits on both sides, forming axillary crutches as in standard 
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body braces, and ending in two spoons placed in the infraclaviciilai 
fossae. The function of the spring is to press the pad on the affected 
side, and, with it, the winged scapula, against the libs, while the deep 
molding of this pad affords perfect derotation. To prevent upward 


sliding, the apparatus 
is anchored to an 
abdominal girdle with 
two posterior straps 
They are counter- 
acted bj’^ two leather 
straps which extend 
over the shoulders 
from the upper brims 
of the scapular pads 
and are fastened to 
the infraclavicular 
spoons, thereby'- hold- 
ing the brace safelj^ 
in place. The pads 
and axillary crutches 
are padded with felt 
and covered udth cham- 
ois skin. 



Fig. 2 

Metal pait of the brace. Note larger and deeper metal 
pad for the left, winged, shoulder blade. The loii est spring 
IS brought foiwaid as axillary crutches on both sides 



Fig 3 

Back view of the brace Mhich is 
fastened to an abdominal belt to pre- 
vent upiiard sliding. 


Fig. 4 

INAL OF BOXE AVD JOINT SORGFB 


CONSERVATIVE TREATMENT OF SERRATUS PALSY 


961 


A niiicliinist, fifty-seven years old, for whom this appliance was devised, incurred the 
sorratus jialsy immediately after an operation for ruptured gastric ulcer in September 
19 10 (Fig. 1). He was first seen seven months later, at which time the chances for recov- 
ery of the paralyzed muscle were considered poor. An operation was refused. With the 
brace just described (Figs. 2, 3, and 4), the patient can raise his arm over the horizontal 
line, and can forcefully push his hand forward. It enabled him to resume his former work 
in a power house, which requires the shifting of heavy switches. 
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LETTER TO THE EDITOR 


To the Editor: 

This letter has been suggested by the conclusions of McCarroll and Crego in the 
abstract of their paper on the Early Treatment of Anterior Poliomyelitis*, presented at 
the meeting of The American Academy of Orthopaedic Surgeons in JanuarJ^ These are, 
in effect, that the result is dependent on the amount of destruction that has taken place in 
anterior horn cells, and that the type of early orthopaedic measures has little or no effect 
on the course of the disease and alters little, if any, the degree of residual paralysis. The 
authors support this conclusion by tbe observation of six different methods, the last of 
■\\hich is no treatment. 

I am quite in accord with the main proposition but not with the minor conclusion, 
for in my opinion the immediate treatment has a most important influence on the course 
and effects of the disease in its relation to the patient. This treatment should be rest, 
to relieve pain and to prevent deformity, which may be best assured by plaster splinting 
if properly applied. The material is alwaj'^s at command and is under the control of the 
one who applies it. Although the final paralysis is determined bj' the character of the 
disease of the cord, its functional effect on the individual is greatly influenced by the 
qualit}’- of the treatment. The purpose of the treatment during the primary stage is to 
prevent deformity and to assure the attitude most useful in locomotion. In the second 
period, the most effective means of developing latent power is functional use; and by con- 
structive surgery one may so adjust the mechanics as to assure the best opportunity for its 
development. 

In order to avoid misunderstanding, I shall limit my comments to two types of 
cases, — namely, paralysis of the calf muscles and paralysis of the anterior thigh group of 
muscles. When it may appear that the repair of the disease of the cord has been accom- 
plished, the most effective treatment of its secondary effects is locomotion on the pro- 
tected limb. When the degree of permanent paralysis has been clearly determined, one 
maj’’ Consider constructive surgery from the standpoint of promoting ease and security m 
locomotion. In the first instance, by far the most important consideration is to restore 
the stability of the foot, since the most disabling form of partial paralysis is loss of resist- 
ance to dorsal flexion. For this, astragalectomy with backward displacement of the foot 
is by far the most effective remedy, and its effect in stimulating the nutrition and giowt i 
of the limb is often surprising. Another effective aid is transplantation of the biceps 
for paralysis of the anterior thigh group. It may be noted, however, that it is of no value 
unless resistance of the forefoot is restored, Avhich is essential to locking the knee in ex 
tension. The transplanted biceps may then restore a practically normal gait, since i 
enables the patient to swing the leg forward w'^hen the foot is lifted. As compaie 
these fundamental principles, other treatment is of subsidiary importance. 

In conclusion, it may be emphasized that the paper referred to considers on 3 ‘C 
negative effects of physiotherapy on the residual paralysis, while my cominents are con^ 
cerned with the influence on the final functional result of positive, immediate, anc con 
secutive treatment supplemented by surgical intervention. 

ROVAP Whit-Man 

46, Lowndes Square 

London, S. W. 1, England 

* See page S51 of this issue of The Journal. 
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END-RESULT STUDY OF THE TREATMENT OF IDIOPATHIC SCOLIOSIS 
Repoht ok the Reseahch Committee op The American Orthopaedic Association* 

The Research Committee of The American Orthopaedic Association, aided by a 
grant from the Alfred 1. duPont Institute of The Nemours Foundation, has undertaken 
a study of the methods and end results of treatment of idiopathic scoliosis in an effort to 
establish the present status of this condition, and to clarify, in so far as possible, what 
can be expected from the present methods of treatment. Lateral curves, due to con- 
genital anomalies, poliomyelitis, empyema, and any other recognizable disease process, 
wore excluded from the study. 

Cases were reviewed from an end-result standpoint in sixteen orthopaedic clinics 
throughout the country. This included a study of 425 case histories, roentgenograms, 
and photographs. An end-result physical examination was made (by L. N.) of 127 of the 
patients. The Committee wish to express their appreciation for the cooperation and 
valuable assistance given in this survej' by the Orthopaedic Departments of the following 
clinics: Shi-iners’ Hospital for Crippled Children in San Francisco; the Orthopaedic 
Hospital in Los Angeles; Carrcll-Girard Clinic and Texas Scottish Rite Hospital for 
Crippled Children in Dallas; Crippled Children’s Hospital in Oklahoma City; Willis C. 
Campbell Clinic Hospital in Memphis; University Hospitals in Iowa City; Mayo Clinic, 
Rochester; University Hospital, Ann Arbor; Hospital for Sick Children, and Toronto 
General Hospital, Toronto; Hospital for the Ruptured and Crippled, New York Ortho- 
paedic Dispensary and Hospital, and Hospital for Joint Diseases in New York; Shriners' 
Hospital for Crippled Children in Philadelphia; Johns Hopkins Hospital and Children’s 
Hospital School, and The James Lawrence Kernan Hospital and Industrial School of 
Maryland for Crippled Children, in Baltimore; Shriners’ Hospital for Crippled Children 
in Springfield; and Children’s Hospital, and Massachusetts General Hospital in Boston. 

TABLE I 

Etiology 


Clinicians 

Probable Etiology of Idiopathic Scoliosis Supporting View 


Curvature is the result of failure of muscular and skeletal systems to 
maintain a balance during the rapid growth period, and is associated 

in some way with an endocrine or metabolic disturbance 4 

Curvature is primarily the result of muscle imbalance, the source of the 
imbalance being unexplained, but possibly being postural fatigue, an 

unrecognized poliomyelitis, or some similar process 7 

Curvature is the result of a growth disturbance at the epiphyseal plate 
of the vertebrae, possibly related to an osteochondritic process or to 
epiphyseal trauma with an associated deficiency, either metabolic or 

dietary 6 

Curvature is the result of postural faults, acquired during growth and 
fatigue of adolescence, prolonged sitting in school, etc., which gradu- 
ally lead to a fixed deformity 6 


Curvature is an exaggeration of physiological deviation occurring dur- 
ing normal gait, being greater toward the right side due to the weight 
of organs, and passing beyond normal limits in the presence of some 
body insufficiency 


Hereditary and environmental factors are felt to be definiteh' contribu- 



* Read at the Fifty-Fifth Annual Meeting of The American Orthopaedic Associa- 
tion in Toronto, Canada, June 10, 1941. 
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■ V' 


Jewish 

“American” 

Italian 

German. . . . 

Negro 

English 

Polish 

Irish 


TABLE II 
Nationality 
(252 Cases) 


Per Cent. 


. 27 

Norwegian 

. 25 

Greek. . . . 

. 14 

Syrian .... 

7 

Japanese 

. 6 

Scotch 

. 4 

Lithuanian 

. 3 

French 

. 3 

Armenian 


Per Cent. 
.. 3 

. 2 
. 2 


4 


An expression of ideas concerning the etiology of the idiopathic type of scoliosis 
was obtained from the men in the various clinics, and these may be divided into five gen- 
eral groups, as shown in Table I. Research is being carried on by some of these men at 
the present time, with the hope that some more effeetive program of prophylaxis and 
treatment may be worked out. 

Data on nationality was available in 252 cases, as shown in Table II. The piedom- 
inance of cases of the Jewish race may be due to the fact that the large Eastern cities 
(New York, Baltimore, and Boston) contributed substantial numbers of cases to the 
series, and there is a high percentage of Jewish population in these cities. 


TABLE III 


Complaint 


Cosmetic 

Curvature 

High or prominent shoulder 

Prominent hip 

Backache 


Per Cent. 

92 

57 

27' 

8 

8 


Total . 


100 


Girls predominated four to one, there being 82 per cent, females and 18 p 


cent. 


males. Incidence of curvature in others of the same family amounte o 
(twenty-seven cases of the 386 in which family history was recoi e ). 

The presenting complaint was of cosmetic deformity in 92 per cen . o back- 

of backache in 8 per cent. (Table III). In the group of thirty-six 
ache, only 6 per cent, were less than twelve years of age; 22 pei cent, were 


Age 

{Years) 


2 

3 

4 

5 

6 
7 


No. of 
Cases 


1 

1 

2 

8 

9 

11 


TABLE IV 
Age of Onset 
(404 Cases) 


Age 

No. of 


(Years) 

Cases 


8 

14 

14 

9 

18 

15 

10 

34 

16 

11 

46 

17 

12 

88 

18 

13 

78 

19 







Age 

(Years) 


No. of 
Cases 

55 

26 

8 

3 

1 

1 


or BO.on 
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and foiutecn years; and 72 per cent, weic fouiteen j'ears and over. Pain, therefore, is an 
infrequent eaily symptom in scoliosis. 

Onset of the scoliosis was noted between the age of seven and fifteen years in 92 per 
cent, of the cases (Fig. 1 and Table IV), the most fiequent being twelve years of age. 
Patients presented themselves for tieatment within the first year in 55 per cent, of the 
c.ases. 

An attempt was made to determine the piimary cuive (Table V) which, in each 
instance, Mas taken to be the chief defoimmg cuive, and the one to M'hich other existing 
curves appeared to bo compensatoiy. Theie was generallj’' greater rotation and verte- 
bral wedging 111 the pi unary aiea, and it M’as incompletely collectable on forv'ard or side 
bending. Right thoraeic or thoracolumbar curves M'ere present in 80 per cent, of the 
cases, M-hile 20 per cent. m'Ci e left thoi acic or thoracolumbar. Thei e M'ere no right lumbar 
curves and only tM’o mcic left lumbar. 

The extent of the curve (Table VI) varied fiom a minimum of four vertebrae to a 
maximum of tM-elve vertebrae, and 91 per cent. Mere betM'een six and nine m extent. 
The vertebra shoM’ing the gieatest amount of rotation M’as taken to be the ape.x of the 
curve, and this was found to be the ninth thoracic in 24 per cent, of the cases, M’ith the 
eighth thoracic the next most fiequent, 22 per cent., and the fiist lumbar the third m 



AGE AT ONSET 


Fig. 1 
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frequency, 11.5 per cent. (Fig. 2 and Table VII). Mobility of the thoracolumbar junc- 
tion probably accounts for the increased occurrence at that level. 

A measure of the severity of the curve was obtained by determining the end oi 
neutral vertebra on either extreme. These were taken to be the ones showing the least 
rotation, with the interspace approximately equal on either side. A line was then drawn 
parallel with the top of the upper-end vertebra and one parallel with the bottom of the 
lower-end vertebra and a perpendicular erected to each of these lines. The angle of 
deviation from the normal (180 degrees) was then measured at the intersection of these 
two perpendicular lines (Fig. 3). These measurements were made on roentgenograms 
taken with the patient standing and supine when both rvere available, as an indication of 
flexibility of the curve. The distribution of the curves is shown in Figure 4. With slight 
curvatures — 0 to 20 degrees — there rvas very little difference in standing and supine 
positions. Moderate curves — 25 to 40 degrees — showed 5 to 10 degrees difference, while 

severe curves — 45 degrees 


DISTRIBUTION OF APEX yERTEBR aT 

_ _ 



m 40 - 

X 

3 

z -35 -- 




Fig. 2 

Distribution of ape.x vertebra. 


and over — yvere fairl)’^ rigid 
and showed but slight in- 
crease in standing meas- 
urements. 

Eleven patients in the 
series measured the same 
in standing and supine po- 
sitions, 36 per cent, being 
patients between eleven 
and thirteen years and 64 
per cent, being patients 
over fourteen yeais at 
start of treatment. This 
further indicates the tend- 
ency for the curve to be- 
come fixed in the oldei 
gioup. 

A review of the body 
asymmetry showed the 
shoulder to be high on the 
right in 56 per cent., high 
on the left in 23 percent., 
and shoulders level in 21 

per cent. Measurements 

varied from one-quartei to 

two inche.s, the average 
being between a quarter 
and a half inch (Table 

VIII) . Lateral deviation 
of the center of the sacrum 
from a plumb-line droppe 
from the seventh cervi- 
cal vertebra was notet . 
Forty-five percent, showcc 

no list, 40 per cent. listed 

to the right, and lo F 
cent, to the left. 
those with a fist the n 

uiements varied from one- 

fourth totwoinches(Ta 

IX) , the majoritj i 


thu uotm.vAn or Boxr. axp .oint .smoKU. 
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TABLE V 
Primary Curve 
Loc.it ion of Curve 

Riglit thoracic 

Right thoracolumbar 

Ivcft thoracic 

lAift thoracolumbar 

Right lumbar 

Left lumbar 

Total • 

one-fourth to one-half inch. The list and high shoulder were generally on the side of 
the primary convexity, and, along with measurements of standing and sitting height 
photographs, and roentgenograms, serve to estimate the clinical progress of treatment. 

Treatment varied in the different clinics (Table X) according to what the surgeon 
felt was an acceptable result, considering the amount of treatment necessary to arrive at 
that goal and the probability of maintaining such a status once it had been attained. 

TABLE VI 
Extext of Curve 


No. of Vertebrae Involved 

No. of Cases 

Per Cent. 

4 

1 

0.25 

5 

10 

2.0 

G 

64 

15 0 1 „„„ 

7 

127 

gQ Q 387 cases, or 91 per 

8 

142 

gg ■ g cent., were 6 to 9 

9 

54 

vertebrae in extent 

10 

19 

4.5 

11 

7 

1 . 5 

12 

1 

0.25 


425 

100.0 



It was generally felt that a mild curve with good compensation and slight body 
asymmetry was best treated by symmetrical postural e.xercises under close observation, 
so as to maintain a certain amount of flexibility and to improve posture. Asymmetrical 
exercises were carried out in a few clinics to produce mobility and to aid in regaining 
compensation; and in some instances to favor weaker muscles and reduce the pull of 
stronger ones, particularly by those who feel that muscle imbalance is a factor in the 
production of idiopathic scoliosis. Most men agree that postural improvement can be 
expected from a regimen of e.xercises, but the cuiwe itself cannot be decreased by this 


TABLE VH 
Apex of Curve 


Location 

No. 

Per Cent. 

Location 

No. 

Per Cent. 

Fifth Thoracic 

4 

1 0 

Tenth Thoracic 

42 

10 0 

Sixth Thoracic .... 

; 13 

3 0 

Eleventh Thoracic. 

30 1 

7.0 

Seventh Thoracic . , 

. > 44 

10.5 

Twelfth Thoracic. . . 1 

28 1 

6 5 

Eighth Thoracic . . . 

..: 94 

22.25 

First Lumbar i 

49 1 

11 5 

Ninth Thoracic. . . . 

..j 102 

24 0 

Second Lumbar ' 

18 ] 

4.25 

Total 




424 

100 0 
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means. Strenuous exercises should be prescribed cautiously, since they may mobilize a 
rigid curve and allow further collapse. 

Some form of support was used during the exercise and observation period, and vas 
felt to be of benefit in many clinics. This generally consisted of a light brace, incorporat- 
ing a lateral corrective force, such as the turnbuckle brace and the elastic traction brace, 
or a light plaster or a jacket of cellulose acetate composition. 

Of 185 patients originally treated by exercises of all types (Table XI) the curve in 
35 per cent, remained unchanged, in 34 per cent, increased moderately (5 degrees to 15 
degrees) and in 27 per cent, increased markedly (20 degrees and over). An improvement 
of 5 degrees was shown in 4 per cent.; this maj’’ be within the limits of error of measuie- 
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TABLE VIII 
Shoulder Level 
(405 Cases)* 


Difference in Level 
(Inches) 

High Shoulder on Right 

High Shoulder on Left 

No. of Cases 

Per Cent. 

No. of Cases 

Per Cent. 

H.. 

103 

25 5 

46 

11.25 

K>... 

107 

2G 5 

35 

8.50 

H 

S 


1 

0.25 

1 ... . 

9 

2.25 

8 

2.0 

VA 

1 


1 

0.25 

2 

0 

MB 

1 

0.25 

Total 

228 

56.5 

92 

22.5 


, * No difference in level in 85 cases or 21.0 per cent. 


No list 

Per Cent. 

. , . . 45 

TABLE IX 
List 

(395 Cases) 

Left 34 inch 

Per Cent. 
. . 5 

Right 34 inch . . . 

12 


Left 34 inch 

6 

Right 34 inch . . . 

. . . . 16 


Left 34 inch 

1 

Right 34 inch . . . . 

4 


Left 1 inch . 

2 

Right 1 inch .... 

6 


Left 1 34 inches 

0 5 

Right 134 inches . 

1 


Left 1 34 inches . 

, . . . 0 5 

Right 2 inches 

0 5 


Left 2 inches . . 

0 5 


Total list to right 
Total list to left 
No list 


39 5 per cent. 

15 5 per cent. 

. 45.0 per cent. 



raent. The curve in one patient apparently improved 10 degrees. It is interesting to 
note that 53 per cent, of those having symmetrical postural exercises showed an increase 
of curvature, w'hile 75 per cent, of those having asymmetrical exercises showed increase 
in curvature, possibly due to the more vigorous type of exercises. 

Correction, followed by support, without subsequent fusion is carried out in selected 
cases in three clinics, while correction and fusion is the method of choice for progressive 
cases within the growth period according to the majority. Fusion without correction 
has generally been limited to long-standing cases in patients with symptoms of back 
strain, or when conditions would not permit the prolonged hospitalization required for 
correction. 

Correction has been accomplished by means of windowed casts for gradual wedging 

TABLE X 

Type or Treatment Carried Out in Various Clinics 

Yes No 

16 2 

7 11 

12 G 

3 15 

16 2 

2 16 
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Symmetrical postural exercises . . 

Asymmetrical mobilizing exercises for compensation 

Brace or plaster support during exercise observation period. . . . 
Correction followed by support without fusion in progressing cases 
Correction and fusion in progressing or badly deforming cases. . . 
Fusion without correction in progressing or sj'mptomatic cases. 
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TABLE XI 


Exercises and Effect on Curves (in Percentages) 



Average 

Symmetrical Exercises 

Asymmetrical Exercises 

Effect 

on 

Curves 

for All 
Curves 
(185 
Cases) 

Mild 
Curves 
0-20° 
(26 Cases) 

Moderate 
Curves 
25-40° 
(55 Cases) 

Severe 
Curves 
Over 40° 
(39 Cases) 

Mild 
Curves 
0-20° 
(10 Cases) 

Moderate 
Curves 
25^0° 
(25 Cases) 

Severe 
Curves 
Over 40° 
(30 Cases) 

Unchanged . 

35 

30 

49 

42 

10 

28 

21 

Increased; 

(5-15°)... 

34 

54 

23 

39 

50 

40 

50 

(20° and 
over) .... 

27 

16 

21 

17 

30 

32 

26 

Improved 
(5°) 

4 

0 

7 

2 

10 

0 

3 

Total 

100 

100 

100 

100 

100 

100 

100 


with felt pads, by the Cook cast which incorporates lateral traction bands through a 
window in the plaster, by horizontal suspension in a fishnet hammock during plaster 
application, and by the Risser turnbuckle jacket (Table XII). The latter was the most 
popular method of correction. 

The Risser jacket was used to correct the curve prior to fusion in 149 patients 
(Table XIII) . In those with mild curvature — 0 to 20 degrees — an average of 71 per cent, 
correction was obtained. With moderate curves — 25 to 40 degrees — an average o 
per cent, correction was obtained (fifty-one cases), and in severe cases 45 degrees an 
over — 53 per cent, correction was the average (eighty-eight cases). The percentage o 
correction in the end result in these same groups averaged 33 per cent, in the mild group, 
25 per cent, in the moderate group, and 24 per cent, in the severe group. Patien s cor^ 
rected by other means are not numerous enough for individual percentages an ly 
therefore be considered as one group. There were thirty-one such cases, and, inc u mg 
all degrees of curvature encountered, an average of 42 per cent, correction imme la } 
postoperative was obtained, and the percentage of correction in the end result amoun 
to 15. 


TABLE XII 

Method of Gaining Correction 
Apparatus 

Risser turnbuckle jacket 

Fishnet horizontal suspension jacket 

Bent jacket, with window and pressure pads 

Bent jacket, with window for lateral traction bands 

Head, pelvic, and lateral traction 


Number of Clinics 
Using the Method 
13 
2 
1 
1 
1 


In the entire group of 180 patients corrected and fused, comp e c £|.j,y.j),rec 
ned in ten, or 5.5 per cent. There was complete loss of correc ion 
tients, or 30 per cent., and no loss of correction in fifteen, or 8 per ^ jgss 

Correction without fusion, carried out in thirty-two patients, resu XIV)- 

correction, after discontinuing support, in 72 per cent, of t e , -uj, correction 

Some clinical improvement of the rotation deformity occurre (Jata were 

th the Risser jacket in 48 per cent, of the 126 patients on v o 
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TABLE XIII 

Aveuaqe of Pehcentage of Cohuection of Each Curve 


! 

Type of Curve 

Risser Jacket 

Other Types 

! 

Xo. 1 

Immediately 
Post- 
operative 
{Per Cetii.) 

End 
Result 
{Per Cent.) 

No. j 

Immediately 
Post- 
operative 
(Per Cent.) 

End 
Result 
{Per Cent.) 

Mild (up to 20 degrees) 

10 

71 ' 

33 

1 

85 

45 

Moderate (25 to 40 







degrees) 

51 

72 

25 

8 

40 

15 

Severe (45 degrees and' 


t 





over) 

ss 

1 

I 53 

24 

22 

41 

13 

Total 

149 

1 

61 

‘25 

1 

31 

42 

15 

1 


TABLE XIV 

Correction without Fusion 
(32 Cases) 

72 per cent, lost all of correction gained 
10 per cent, maintained o degrees of correction 
12 per cent, maintained 10 degrees of correction 
G per cent, maintained 15 degrees of correction 

100 per cent. 


TABLE XV 

Comparison of Rotation Before and After Treatment with Risser Jacket in 
126 Cases with Known Results 
61 cases, or 48 per cent., showed less rotation 
53 cases, or 42 per cent., showed same rotation 
12 cases, or 10 per cent., showed more rotation 

126 100 per cent. 

available. The deformity apparently changed very little in 42 per cent., and was 
more noticeable in 10 per cent. (Table XV). 

The most frequent fusion employed additional bone, generally from the tibia. A 
classical Hibbs fusion was done in eighty-three patients, and pseudarthrosis resulted in 
twenty-four instances or 29 per cent.; a Hibbs fusion plus a graft in fifty-two patients 
resulted in seventeen pseudarthroses or 33 per cent.; the Albee fusion in four instances, 
with 25 per cent, pseudarthrosis; a McKenzie Forbes t3T)e in seventy-four instances, with 
seventeen pseudarthroses or 23 per cent,; and one strut graft was done, resulting in 
pseudarthrosis. Incidence of pseudarthrosis for the entire group was 28 per cent. (Table 
XVI). These percentages represent only a small group for each 13110 of fusion, and are 
subject to the var3dng technique and subsequent care of man3’' clinics. 

There were 180 patients who were corrected and fused, with resulting pseudarthrosis 
in fifty-four instances. Average loss of correction in the pseudarthrosis group was 21.2 
degrees, and in the non-pseudarthrosis group 15.1 degrees. Apparently, while pseudar- 
throsis is a contributor3^ factor in the loss of correction, it is not the chief cause. EarR' 
detection and repair of the pseudarthrosis, however, will save some loss of correction. 
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TABLE XX 

Age at Staet of TREmiENT and End Resudis (in Percentages) 
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DEGREES OF CORRECTION OBTAINED 

Fig. 5 

Improvement of the shoulder level occurred in 50 per cent, of the patients, 

same in 25 per cent., was worse in 12 per cent., the shoulders were level m g 

Hip prominence was unchanged in 67.5 per cent., improved in 22 per cen ., "or® 

per cent., and equal in 2.5 per cent. ^ f u they were 

According to statements by the patients in 252 instances, 72 per cen . e 
improved, 21 per cent, were unchanged, and 7 per cent, were worse. e a 
more patients complained of backache at end result than on admission, 

14.5 per cent, in the former group and 8 per cent, in the latter. Eighty- w p ^ 

no complaint of pain. Activities were normal in 85 per cent., slight j imi ^jjg 

cent., and considerably limited in 0.5 per cent. Therefore, in sco losis re 
chief concern is for the cosmetic result. The most persistent comp am , e 
rection and fusion, is that of the posterior rib prominence, which seems o 
permanent. , since 

It is a difficult matter to give an end-result rating to a con i ion s achieved 

the scoliosis itself is rarety cured, and opinions as to what can be an s o ^ coniposile 
at end result are so varied. However, an attempt has been raa e o ncccs- 

picture considering the physician's aim in treatment, the remained 

sary to arrive at that goal, and finally whether the condition a cosmetic 

stationary, or had progiessed. Since 92 per cent, of the . Rearing fhc'® 

defoimity, this must also carry the most weight in end-ies 

toIVT 
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points in mind, excellent rating was reserved for those in whom residual deformity was 
slight and roentgenograms revealed the curve to be of minor degree. Good rating in- 
cluded those patients who had a moderate curvature, but were well balanced and con- 
cealed the deformity satisfactorily. Results were rated fair when the curvature was 
modcratel 3 ' severe and the patient displayed obvious cosmetic defects, while a poor rat- 
ing was given for those witii severe curvature and marked body asjTOmetrj'. 

Of 425 cases reviewed, twelve, or 3 per cent., were rated excellent; 119, or 28 per 
cent., good; 191, or 45 per cent., fair; and 103, or 24 per cent., poor. Results in patients 
with scoliosis appearing before the age of ten j'ears were rather poor, even though they 
came for treatment early (Table XX). Also, the results in patients in the upper-age 
group at the start of treatment were not as good as those in the group of twelve-to-fifteen- 
years. If the clinical appearance of the back at end result is compared with what it was 
when the patient was first seen (Table XXI), it will be noted that the best cosmetic re- 
sults were obtained in the group treated by correction in the Risser jacket and spine fu- 
sion. 


SUMMARY 

Four hundred and twenty-five cases of idiopathic scoliosis have been reviewed from 
an end-result standpoint. Cosmetic deformity is the chief complaint, the patients gen- 
erallj’' having no other sj'mptoms. It is a disease appearing most frequently at the time 
of puberty, and predominating in girls about four to one. Curvature is to the right in 
80 per cent, of the patients, most commonly in the mid-thoracic region. 

All types of treatment were encountered in the series including observation only, 
symmetrical and asymmetrical exercises, supports, correction, and fusion, and combina- 
tions of all types. Fifty per cent. (214) of the patients reviewed had fusions done either 
immediately or after conservative treatment had been abandoned in favor of surgery. 
Correction was by means of the turnbuckle jacket in 80 per cent, of those corrected and 
fused. The average percentage of correction obtained was 65 and the average percent- 
age of correction at end result was 27. Complete correction was gained in only 5.5 per 
cent, of the corrected cases, all of the correction was maintained in 8 per cent., and there 
was complete loss of correction in 29 per cent. 

Additional bone grafts were used in 60 per cent, of the patients operated upon, and 
the incidence of pseudarthrosis for the entire operative group amounted to 28 per cent. 
Recumbency following fusion for three months was carried out with 47 per cent, of the 
patients. 

The results in 69 per cent, of the cases at end result were rated fair or poor, and 31 
per cent, good or excellent. 

CONCLUSIONS 

1. Practicallj’^ none of the patients with scoliosis are cured, if correction of lateral 
deviation is a criterion. 

2. In approximately 60 per cent, of those treated bj^ exercises the deformity in- 
creased and in 40 per cent, it remained unchanged. 

3. Correction without fusion resulted in complete loss of correction after support 
was discontinued, in the majority of instances. 

4. Correction bj^ the turnbuckle jacket and subsequent fusion has j-ielded better 
results in this series than have other types of treatment. 

A. R. Shands, Jr., M.D., Chairman 

Joseph S. Barr, M.D. 

Paul C. Colonxa, M.D. 

Lawrence Noall, M.D., Research Fellow of 
The Nemours Foundalion 
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News Notes 


The Annual Meeting of The American Academy of Orthopaedic Surgeons will 
be held January 11 to January 15, 1942, in Washington, D. C. Headquarters will be 
at the Mayflower Hotel. Dr. J. ID. M. Thomson, of Lincoln, Nebraska, is Chairman 
of the Program Committee. A group of refresher courses is being planned in con- 
junction with the regular program. 


Dr. Clarence H. Snyder announces the association with him of Dr. Harvej’ M. 
Andre in the practice of orthopaedic surgery and the treatment of fractures. Theii 
office is located at 201-202 Medical Arts Building, Grand Rapids, Michigan. 


Dr. Roger Anderson has announced that Dr. Erne.st Burgess is now associated nith 
him in the practice of orthopaedic surgery, at 1307-1319 Medical Building, Seattle, 
Bffishington. 


The Annual Meeting of The Orthopaedic Guild will be held in Detroit, October 
24 and 25. Dr. C. L. Mitchell, of Henry Ford Hospital, will be Chairman of the meeting. 


The Annual Clinical Congress of the American College of Surgeons w ill he held 
in Boston, November 3 to 7, 1941. 


Under the auspices of the American Association of 
geons, the American Conference on Industrial Health W’dl hold its eco 
Meeting on November 5 and 6, 1941, at Chicago Tow'crs, Chicago. 


Duke University School of Medicine and Duke Hospital a Sympo^ 

sium on “Problems of Civil and Military Emergencies tobe ie . The nro- 

18, in the Page Auditorium, West Duke Campus, Durham, m i Chairman of 

gram includes an outstanding group of speakers. Dr. Lenox . a 'e 
the Symposium Committee. 

The Association of Military Surgeons of the United States 
Brown Hotel, Louisville, Kentucky, October 29 to ’ members of tlie 

medical profession are invited, and it is hoped especia y a m the medical 

Medical Defense Committees will attend. Present polici^ an , tonics of dis- 

departments of the United States Army' and Navy w e ® F Ai^gdicine and an 
cussion. The session will conclude with a mass review o i ^ . 
inspection of Fort Eiiox. 

THE BRITISH ORTHOPAEDIC ASSOCIATION 

The Summer Meeting of The British Orthopaedic * Hunt 

of Prof. T. P. McMurray, ^^^as held at the Eobert Jones and ^ attended, and 

Hospital, Oswestry, on August 9, 1941. A large Britain, 

among the guests were representatives of the and tlie pre.=ciifation 

The scientific program consisted of a clinical ^ 
of several short papers, of which the following is a resume . s.-nccav 
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'I’m; fN'i'iatvf:({'(’i:f!itAi( witk Hi’kciai* Iha-’iaiKNej; to IhjPTuni: orTitn ANNMjiaih 
l'’uij!oMm vvi'f'fi JfiatNiA'i'ioN 01' Tin: Nimuim Ptirmsim, I'’. Kcitli Jkiulford, 
M,l),, iinil H, Den HpuiiitiK, M,i), HiH'logriold, Illiooih, uikI Biilliinoif', Miirylnml, 
CliaiicH C, 'riiooiim, i(Hl, SLOO, 

111 lliin )il,Ui‘ iiooii flic iiiiUioi'H liuvii, oil Uk; wlioJc, coiifilwly aiaJ oxrrJIpiitly pof- 
(iiiycil iJic jii'o.'-cni, hlalUH of MipfiiroDf ilia iiiiarvaiiatinil dina or, uh fai'iiiod in their lioDk, 
"iiilitiira of flia aiiniiliiK filiroHiiH with liariilatioii of ilia imelaiiH pulpo.siiH", 

'riia aiiiliryoiof^y, iiiialoiiiy and pliyaiology, and j)alliolo)^y of ilia Infarvarlehnil di'-c 
aia fiiat darariliad and lIliiHtrafad, 'I’lia aiiiliora ainpliiiHiza ilia faet tlmt, boeauHO of tlie 
aoiihfant alrai'H and atrain liroiiKlii to liaar on Ilia inlarvarfabral diKca, any inripienl 
palliolofj;y haaoniaM axagi^ariilad wlilioiii ilia oaaiirraiiaa of a Kiii|?la Kovaia Irmmmfii! 
ajiiwda, 


Naxf, lha, allnlaal and rnaidf^anoRraplila invaalii'ailon of patiaiilH with low-liaeh iind 
aaiiida pajn, and ilia aliniaai findiiiKa in Innilmr liarnhifioiiHof t!i.> nurfaiiH laifpoHUHaiadiV 
aiiarad, 'I’lia antliora nlafa tliat liaak jiain iiMially followH injiiiy nnirh more diirclly 
than doaa halalla jiain, and tiia latlar may lia mild or alwant for aavarid diiyx or weeks 
following injtiiy. In ilia laiya I'mnp of jiailaiilH giving no liiHtoiy of injury, iniiny hiive 
oaanpalhnm whiali prndnea aoimlani waar and laar on tiia luiniiosaenii fijiliia. The 
aidljoia faal that tliia iiiiint lia aoimidarad aa lin|)or(aiit an alioloRiaal faetor as franlc 
(lanma, 'I’lio lianAKiio la, si la dimaiHaad, and a mora rafinad fast, aallad "Ilia Aeialie- 
nai va-Mtra|ahlii/4 laat", in hugf^asl ad. 'I’ha aiiihorri lialiava fiiat luniiiar jiiinatnia ulaiiild 
ha parforiiiad on avaiy imllani In whom tha aliniaai diiiKnoHls of harniatad iiiieiaiis piil- 
poniH 1 h iinida, 'I'hay ndvlna ramoval of tha apinal fluid in thraa portioim of Ihrea, euhie 
aanllmalara aaah, 'J'hay faal that roanlKanographia axamination in mora inipoifanl in 
axaliidiiifi; olhar laHioim l.han in making diraaily ilia dfagnoHis of riipturad (line. Lipiodol 
i« aoimidarad fo ha a ralativaly lianlgn tailwlanaa, adniininlarad in tha Hpinal fiiihiiriiehiioh 
Hpiiaa, and nhonld lia iinail whan tha loaallzation of a laKion in in doubt, W/iiln lliara s 
prolialily itodanylnii: lilHlopathologiaal a,hanga,sln lha la))loni(‘niiiga,s at least tampnriiu.^ 
ailar using liphaiol, thara Is prohahly no ))armanant damage (o lha spina! aord and nai ve, 
ill lha aiitliois’ ojiliilon. 'I’lia authoi'H have iiolhing fo say about lha raeiml praef laa 
removing llpiodol by himhnr pnnatnra In all aaha.s, whaflnn' or not ojiarafion is 
phi I ad, 'I’hls piiial iaa )irohalily ra]ira,sanlHnn imparl ant advaneein tlie handling o a e 
aasas, Also, whila lha iisa of air for aonlrast myalography is inanfioned, il is no m 
seilhad in dalnil, and Ibis is ragratlalila, Hiijifura of tha iiilarvai labia! disc is nou (on 
sidarad lo lie Ilia most aonimon single aausa of savara parslsfant or inNynit an san 
pidn, 'I'ha dislrlbnfion of pain is said not lo ha of mnah iial|) in loealixiiig 
Ahnoimal sanHalion- that is, jiaraasf hasia in lha form of burning, ling mg, a a, 


hold lo ha Impoilnnl, . r , ,i i liodiiiifv 

In I ha seal ion on I real mant and ra,siilla, Ilia nul hors amphasiza the hie. m < 

lasiilling from low-Imak pain, due In disaasaof lha infarvarlalanl 

is almost always an oi Ihopaedla prohlam. If lha pain is iniraalabla lo oi "’l>m 

aadina.H, howavar, aonliast myalograidiy Hiiouid ha aoiisidarad. lltn not i 

haak pain wllh saialia di.'fahillly should hava Ilia lieiialit of consarvafiva I’"’''*' , ,|j„ 

liefoia snigiaal maasiiia.H aia aoiiHidarail, 'ilia siirgiaal laefinkina B ''"'.I ^ „f lid'’ 

aiis.'-ad and slionld ha of grant value In Ihosa who are oeeiipiad wilh la 

prohlam, In lha posloperativa lianlinaiil, lha uuthois advisa laaiim ivilleal H 

lo Ihiae weakrt. If Ilia nnnnhis Jihro.siis Im.s haaii axlausivaly laeiia n > 


fillad with a low-liaak hraaa liafora dlsehniga. uiiIP''-«'' 
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and allied conditions, such as sacro-iliac and lumbosacral injurj-, narrowing of the inter- 
vertebral foramina, the facet sjudrome, spondylolisthesis, contracture of the fascia lata, 
hj^pertrophy of the ligamentum flaimm, etc. 

In their chapter on cervical herniations of the nucleus pulposus, the authors admit 
that in their advanced cases at least the recoveries are verj- poor, although exploration 
should always be made. Tlioracic herniations are the least likely to occur because the 
discs are thinner, the volume of the nucleus is less, and movements are much more limited 
than in the cervical or lumbar spine. 

Tliirteen cases are reported. On the whole, these cases do not represent the average 
but rather the unusual t>-pe. Lipiodol was not used in aU of them, and the roentgeno- 
grams are not representative of the ordinaiy case of ruptured disc. It might have been 
preferable to give typical cases with tj-pical roentgenograms, although the unusual ones 
admittedly are of real interest since, as time goes on, one is confronted with an increasing 
number of atj-picAl casK which must be diagnosed and properh* treated. A very com- 
plete bibliography is appended. 

The book is an e.vcellent one and giv^ the reader a fundamental understanding of 
the subject. 


Etudes sub ies auputatioxs et des.vrticuxatioxs des MEimREs (Studies on the 

Amputations and Disarticulations of the E-Vtremities). P. Huard. Paris, Masson 

& C‘', and Hanoi, Indo-China (G. Taupin & C"), 1&40. 

It is unfortunate, as the author points out, that the subject of amputations, which 
had come to assume a relatively minor place in surgery, has been, by the edgencies of 
recent war, brought to a position of major importance. In recent years relatively few 
volumes have been devoted exclusively to this subject, and the present work is an attempt 
to fill this gap. 

The book is divided into three large divisions, the first of which is concerned vrith 
generalizations on the physiopathology of amputation stumps, and on general indica- 
tions for amputation, with specific consideration of amputation for special problems. In 
general, the author is of the Duval school, and inclines to the principle of the elliptical 
incision, with the longer portion of the ellipse placed over the flexor surface of the e.x- 
tremity to be amputated. 

The second portion of the work is dedicated to a consideration of the various am- 
putations and disarticulations of the superior extremities. The third portion is devoted 
to a consideration of the problem preented by amputations and disarticulations of the 
lower extremities. All of the standard operative interventions are discussed and each 
technique is d^cribed in considerable detail However, this is not just a compilation of 
operative techniques. On the contrary, it is an exhaustive and intelligent survey of the 
problem, not only from the technical and siugical point of view, but more particularly 
from the patient’s point of view. The question of reeducation and psychic readaptation 
of the patient to the altered conditions imder which he must continue his actit-ities is 
discussed in a most understanding manner. 

Particular attention is paid to the type of prosthesis which must be applied to the 
patient after opferation. Emphasis is laid upon the opinion that the amputation mu<t be 
adapted to the mechanical efficiencv- of the prosthesis, rather than the prosthesis adapted 
to the operation. The author always bears in mind and stresses the fact that tlus is not 
an academic problem, but rather is one of intensely practical importance. The sites of 
election for amputation, in regard to both the level of amputation and the application of 
the prosthesis, are emphasized. 

A short chapter on the technique of Iiimbar ganglionectomy is appended. Numer- 
ous details of anatomical, surgical, and functional significance, culled from the wide ex- 
perience of the author, are constantly discussed at appropriate length. 

The work is adequately illustrated, with somewhat less than 300 plates, hah'-tones, 
and line drawings, which show the effect of war-time economj-. There L= an extensive 
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index of authoi's, and an elaborate bibliography, ivhich amply indicates not only the wide 
learning of the authoi-, but also the exhaustive nature of the work. 


IxFANTiLE Paralysis — Anterior PoLioimmiTis. Philip Lewin, M.D., F.A.C.S. 

Philadelphia, W. B. Saunders Co., 1941. S6.00. 

This new book attempts to give the whole story of infantile paralysis, and succeeds 
very well. The chapters on Etiology, Epidemiology, and Predisposing Factoi-s are ably 
presented in a simple concise style by Dr. Howard J. Shaugnessy. An excellent chapter 
on Pathogenesis and Pathology is written by Dr. Sidney 0. Levinson. The remainder 
of the book appears under the author’s name. 

No phase of the disease or of its treatment is omitted. As may be expected in such a 
text, many controversial subjects are presented. As an example, the use of human con- 
valescent serum in the early treatment of the disease is emphasized, whereas in the 
opinion of many other authorities, convalescent serum is no longer considered to have any 
protective or curative effect. The various methods of applying physical therapy, in- 
cluding underwater treatment, are ably presented. However, the real value of physical 
therapy during the convalescent stage of infantile paralysis is now being questioned, and 
insufficient emphasis is given this most important discussion. 

Many, if not most, of the corrective operative procedures utilized in the care of 
anterior poliomyelitis are presented. The subject is well handled for this type of book- 
written apparently for the student, the practitioner, and the specialist — although the 
indications and choice of procedures are not alwaj's clear. 

In the Appendix of the book is included much valuable information relative to the 
Public Health, Nursing, and Educational problems. 

The book may be highly recommended as a reference text for those interested in the 
treatment of infantile paralysis. The subject matter is presented in encyclopaedic form, 
leaving the actual choice of method or procedure to the judgment of the reader. 


Body Mechanics in Health and Dise.ase. Joel E. Goldthwait, M.D.; Lloyd T. 
Brown, M.D. ; Loring T. Swaim, M.D. ; and John G. Kuhns, M.D. Widi a Chapter 
on the Heart and Circulation as Related to Body Mechanics bj' AVilliam J. Ken , 
M.D. Ed. 3. Philadelphia, J. B. Lippincott Co., 1941. $5.00. 

In the first edition, the authors called attention to the fact that the chronica y i 
were given but scant attention, and that most of those acutely ill, presenting more infer 
esting and solvable problems, were given the most attention, Opportunitj^ was ta Tn in 
this third edition to change the title to “Body Mechanics in Health and Disease . i® 
authors say: “The early recognition and proper treatment of conditions which inevi a 
lead to disease are the most important functions of modern medicine”, and also, naos^ o 
the chronic diseases are associated with the wrong use of the body which must 
in childhood or early adult life”. They have added, therefore, a chapter on 
mental Deformities”. An interesting chapter has been contributed also by i laai 
Kerr of California concerning the heart and circulation as related to body mec lanic 
This book is filled with generalizations and what might be called loose s a 
which would not withstand close scrutiny. For e.xample, it is stated that c ironic 
lar diseases of the heart are very common and one of the commonest cau-es o 
Today it is well known that chronic h 3 ’^pertensive diseases of the heart an 
toris are far more common causes of death than valvular disease. m n c 
also made that electroeardiography^, in determining the amount of ^ gj,a|. 

muscle, has no direct value on prognosis. This statement can very rig i u 
lenged. For example, in complete heart block and in cases where ‘ ,j,preforc, 

infarct, the electrocardiogram does have a very direct diagnostic va ^ 
prognostic value, because, while the exact length of life cannot ^ ,, p„i„t 

known that these patients do not live verj’ long. However, le i 
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of view that is valuatile, and it should be interesting to any practitioner. The rank and file 
of the profession treat their jjatients as individuals, and they often do not classify the in- 
dividual as to type based upon anatomical and physiological background. Therefore, the 
discussion of the three different types of individuals which the authors call the normal — 
that is, the intermediate, the slender, and the stocky — is interesting. They, themselves, 
acknowledge the dangers of too close an adherence to this generalization. 

They make the statements that the slender and stocky types can be recognized 
in all age periods, but in a pure form are almost as rare as the intermediate type, although 
the proportion of individuals of slender type is increasing, and that mixtures and grada- 
tions of types are common. These deductions were apparently based on the statistics 
of Dear in a studj’ of a large number of officers in the United States Army. 

The chapter on “Angina Pectoris and Postural Emphysema Related to Obesity” 
by Kerr presents an interesting point of view, and one which very evidently fits in with 
the theories of the orthopaedic surgeons writing this book. However, it is to be noted 
that other observers and workers in cardiology have not been so enthusiastic about the 
treatment with the Kerr-Lagin belt as are the authors. 

In the various chapters are included case reports which are interesting. However, 
in the chapters on diseases of the nervous system, the authors state the 3 ’^ do not wish to 
assert “the correction of body mechanics will cure all chronic nervous diseases”, which 
would intimate that they would feel thej' can cure some. The case reports on multiple 
sclerosis are very interesting, and some interesting recoveries were made. It probabl}’^ 
was not the intention of the authors to claim that the correction of poor posture, et 
cetera, caused recovery, but they do saj' that “while the exact cause of this condition is 
not perfeetty understood, in many cases when the faulty body mechanics with the as- 
sociated physiologic disturbances is corrected, health is restored”. This is a broad state- 
ment, and there is not much to back it up. No series of cases is presented and the data 
presented are sketchy. 

The chapter on chronic arthritis is very good, as would be expected. 

The chapter on the foot is too short to be of much value, and here, again, generaliza- 
tion and broad statements weaken the presentation. 

The final chapter on “Public Health Aspects of Body Mechanics” savors of the cru- 
sader. Nevertheless, there is much that is sound in it, and all orthopaedic surgeons 
would agree that much of the teaching suggested should be carried out in our schools, 
colleges, et cetera. 


El pie talo POLioMiELrrico x su tr.\tamien'to (estudio db 170 c.^sos) [The Club- 
Foot of Poliomj^elitis and Its Treatment (A Studj"^ of 170 Cases)]. Dr. Vicente 
Sanchis Olmos. Madrid, Espasa-Calipe, S. A., 1940. 10 pesetas. 

This monograph was written and readj”^ for publication in 1936, but the Spanish 
War prevented its publication until 1940. It deals with the treatment of the paralytic 
club-foot. The first 114 of the 142 pages consist of a general discussion of the subject, 
which is well organized and well presented. The last twenty-eight pages contain an 
outline of the clinical histories of the 170 cases. The clinical histories are presented in 
very short abstract form, and are outlined in charts which show the paratyzed muscles, 
type of deformity, treatment, and end result. The author states that these cases are 
presented so that anj' one interested may review the material, himself. 

The material in the monograph is verj"- well organized, and the first and longest sec- 
tion, which deals ^dth the discussion of the subject in general, is divided into chapters. 
The first chapter deals with the normal architecture and ph 3 'siolog 3 ' of the foot, and goes 
into the anatom 3 ' in some detail. The second chapter deals with the abnormal anatom 3 ' 
and ph 3 'siolog 3 % and here the mechanism of change following pohomyelitLs is brought out. 
Diagrams are presented, together with roentgenograms and photographs of patient'. 
The method in which the deformities develop is gone into in some detail Tlie ca=es 
in the author’s series are tabulated in a chart showing which t 3 'pe of deformit 3 " is the 
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most common. Tlic (hircl clinpter dcjils with wlmt the autlior csills generalities. He 
■statas tliat con.sidcrahlc lime .sliould be allowed to ellipse between the occurrence of the 
paralysis and the surgical treatment. Another factor which enters into the treatment is 
the age of the patient, and no patient .should be treated under the age of six years. 
The fourth chapter deals with what the author calls orthopaedic treatment of paratytic 
club-foot, and it is somewhat surprising to realize that the word orthopaedic in the sense 
in which the author is employing it means conser%’ative or non-operative treatment. 
The last chapter deals with the surgical treatment of thase feet, and is divided into cate- 
gories according to the type of treat ment used. Tendon transplants are emplo 3 ’ed rather 
eommonh" in his series of cases. An operation which is not often used in this country, 
tenodesis, is referred to ami cmplo 3 'od frequenth'. Bone-block operations are used very 
often, and the tj’jies emplo,vcd are do.scribed. A frequent one of these is the anterior 
block of the talus, in which a piece of bone is placed in a wedge in the anterior aspect of 
this bone. This ojJcration is rather commonly combined with a subastragalar arthro- 
desis, and the author feels that the rc.sults arc quite good. He mentions the other 
tj’pcs of arthrodesis in the foot. The triple arthrodcsi.s, which is used so much in the 
Tnited States, is used onl.v seven times in his series of cases, while simple subastragalar 
arthrodesis was used twentj’-()nc times, and numerous other tj’pes of arthrodesing opera- 
tions were used rather frcquentlj". The results of this tj'pe of surgerj" are anal}'zed 
by the author. 

'I’lie monograjih as a whole represents a vcr\' careful studj- and anah'sis of the case 
studies. An American reader would find vcr\' much of interest, and quite a good deal 
with wliich he would jrrobabh’ not agree, but at the same time he might learn a good 
deal about unfamiliar operative proccdure.s. The book is well illustrated with photo- 
graphs, roentgenograms, and drawings. 


'I'liK MnoiCAU An.nuau. A Ykau Book of Tkk.vt.mext and PnAcriTioxEn’s Indw. 
IT. Lctheby Tidy, M.A., M.D. (O.xon.), F.R.C.P.. and A. Rendlc Short, M.D., B.S., 
B.Sc., P.R.C.S., Editors. Bristol, John Wright & Sons, Ltd., 1941. 

The 1941 edition of this British medical 3 'carbook marks the fiftj'-ninth year o i s 
publication. Few, if any, of the yearlj' editions which have preceded the present issue 
have been iiroducecl under conditions more difiic.ult both for the publishers and con u 
tors. In spite of this fact, practicallj’’ the same contributoi’S have carried on un er nar 
time conditions to produce an Annual easilj’’ the equal of its more recent predecessoie^ 
The book consists of 444 pages of text which covers innumerable subjects o m er^^ 
to a general practitioner, illustrated with thirt 3 '-ninc plates and eighty-seven^ ^''pnt 
In addition, there are seventy-two jiages of the Practitioner’s Index which co\ers lec 
pharmaceutical and dietetic preparations, medical and surgical appliances, etc. 

The references to foreign literature, as might be e.xpected, are 
journals, especiall 3 ' those from the European continent, have not been leac mg n ^ 
Although there is but little material actually relating to war surger 3 , 
cellent ehapters dealing with burns and blood transfusion. For the piac i 
desires a precise I'cference book which deals with most of the conditions e m 
counter, the 1941 Medical Annual will prove of great value. 


Infantile Paralysis. A S 3 'mposium delivered at Vanderbilt Univei si ^ - gl.25. 

New York, The National Foundation for Infantile Paratysis, ^-ere 

This book contains the series of six lectures on anterior poliomye ^ concise 
given at Vanderbilt University in April 1941. The object was to record 

a form as possible, a statement of much of the present knowledge on t e su theories 
new opinions resulting from research and study, and to correct many o 
which have held sway, sometimes because they have been accepte y r 
of critical investigation or the necessary knowledge. 
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The larger ])art of the volume is devoted to the discussion of the methods and the 
results of laboratory study, but it includes the consideration of the etiology and 
the epidemiology, and there is also a chapter on the general treatment, particularly the 
orthopaedic treatment, of this disease and its sequelae. The work is covered by the 
following subjects; 

"History of Poliomyelitis up to the Present Time” 

"The Etiology of Poliomyelitis” 

"Immunological and Serological Phenomena in Poliomyelitis” 

"The Pathology and Pathogenesis of Poliomyelitis” 

"The Epidemiology of Poliomyelitis" 

"Treatment and Rehabilitation of the Poliomyelitic Patient”. 

To those who are intere-sted in a statement of much of the recent work by many 
scientific observers, which indicates how far the widespread investigation and study have 
advanced our knowledge, this volume will be found most satisfactory. 

Theory of Occupational Therapy for Students and Nurses. Norah A. Haworth, 
M.A. (Cantab.), M.R.C.S., L.R.C.P., D.P.M., and E. Mary MacDonald. Balti- 
more, The Williams & Wilkins Company, 1941. $2.00. 

This book is probablj' intended to be descriptive rather than instructive, for occupa- 
tional therapy has advanced so far, and has increased its field of application and devel- 
oped the means and methods of application to such an extent, that a book of this size 
could not attempt more. There is an interesting history of the beginning and of the 
growth of occupational therapy, which dates it back rather farther than is usually con- 
sidered. A discussion is also included of the mental and physical conditions in which this 
therapy finds its special use. However, the advisability of incorporating in a book of this 
kind the discussion of the pathology of these diseases, particularly the mental diseases, 
might be questioned. The products of occupational therapy, which are available in 
the treatment of those conditions in which it is adapted, the equipment which is used in 
the schools for the training of the pupils, as well as the materials to be selected in dealing 
with the patients, are very well illustrated, and suggestions are given as to the choice of 
application to these same pathological conditions. The reader is given an excellent 
idea of the practical use of this therapy, also of its development and the state to which 
it has progressed up to this time, and the very wide acceptance which has been accorded 
to this method of treatment. 

The March of Medicine. New York Academy of Medicine Lectures to the Laitjq 
1940. New York, Columbia University Press, 1941. $2.00. 

The present-day custom of enlightening the public with respect to matters of medi- 
cal and public-health interest deserves to be encouraged. The advantages of doing this 
accrue to the medical profession as well as to the laity. The New York Academy of 
Medicine is to be commended for giving a udder publicity to this group of lectures 
through their publication in book form. Each one of them gives in a concise and non- 
technical form the high lights of the topics discussed. They are interesting to a medical 
reader, and informative to the uninitiated. It would be difficult to single out any one 
as outstanding. They are all extremely well done. It seemed a little unfortunate that 
Hans Zinsser’s contribution to our knowledge of the viruses was not even mentioned. To 
this reviewer the lectiues on “The Inheritance of Mental Disease”, “The Story of Our 
Knowledge of the Blood”, and “The Ascent from Bedlam" were the most interesting. 
This volume should find a place in every medical library, public and private. 

Uber die Behandlungsergebnissb bei schwereren Fersenbeinbruchen (The 
Results of Treatment in Serious Fractures of the Calcaneum). Albert Ahlbcrg. 
Ada Chinirgica Scandinavica, LXXXIV, 187, 1940. 

Of 122 fractures of the calcaneum, which the UTitcr followed for over five years, GO 
per cent., or ninetj'-five fractures in eighty-eight patients, were of the severe tjqie, grouped 
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bj" liohicr as to ^9II. 'I'lio aiitlior noted that in none of tliesc cases was there ana- 
tomical restoration of t lie frapimonts with anj' of tlic various types of treatment, and that 
in only six was there normal motion of the siihastraKalar joint. The degree of mobility 
seemed to be unrelated to the accuracy of anatomical restoration of the joint surfaces: 
and joint changes seemed to be dependent on the nature of the fracture, irrespective of 
tiie method of treatniont. 'J’lie writer agrcc.s with the ojrinions which he finds in the 
literature, — tliat subastragalar artlirodesis should be performed after four to five months, 
if symptoms persist. — IlVif/cr I\ lilouut, M M ilimukcc, Whconmi. 

I'n.vcTUUKs OK Ai’i’.vuKxrnY Ili;.\i/rnv Ho.vi: without U.vquestiox.vbly True Element 

OK Ac’Cident. .-Vbialiam 'rrocH, Gunnar Lauritzen, and Arnold Moller. Ada 
[ Chinirgica Scfnxlittnvica, LXXXIV, 22fi, 1010. 

Six cases are re])orled in which muscular violence without external trauma caused 
a fracture in a roentgenograiiliically normal bone. I’lie}' comprise an impacted fracture 
l^/I’^the radial neck in a girl of eleven years; fracture of the lateral malleolus in a man of 
fifty-three years; two fracture.s of the ulna in women twenty-three years old; and frac- 
tures of the seventli cervical and first thoracic spinous processes. The writer reviews 
the literature and concludes that prolonged or sudden heavy strain on a single part of 
the body, particularh’ in the face of exhaustion or lack of familiarity with the task, may 
cause spontaneous fracture of almost any bone in the body, even though there is no 
external violence. 'I'he writer concludes tliat .such fractures should he considered acci- 
dents and should be compensated as such. — Waller P. Blount, M.D., Milwaukee, 11 is- 
conain. 


TiiKA'r.MENT OK AuTHiuTLs Di:koum.\.\s ok the IIii> riY Resection' of the Obturator 
XbvRVE. N. Rli.vcnkrone-Mdilcr. Ada OrthopanUca Scandhuwtca, XI, 11, 19 • 
The obturator nerve was resected extra pclvically in sixteen cases in which thereMcre 
degenerative changes of the hi]). Nine of these were cases of true arthritis de ormans. 
Dramatic relief of .symptoms was obtained in three eases and slight relief in tvo. ^ 
improvement took place in those cases associated with adduction contracture. 
of the cases the degenerative changes followed congenital dislocation of the up, ca ^ 
plana, etc. In onl}- one of those ivas there any benefit from the oper.ation. 
suggests that resection of the obturator nerve be reserved for cases of 
deformans with adduction contracture. — Waller P. Blount, Milwaukee, lecor 


Causalgic Backache. Otho C. Hudson, Carl A. Hettesheimer, and Peiciva 

American Journal of Surgery, LII, 297, May 19-11. pqnpcially 

The authors describe a type of back pain that involves the lumbar muse es, 
the quadratus lumborum. This pain is due to irritation of the twelft r t 
lumbar nerves and radiates along the twelfth rib. A clinical pictuie o entity, 

muscle imbalance occurs. This group of cases make up another do m e c m ^ 
which can be separated from that vast group of patients suffering fiom ac ' 
treatment is simple and effective. , „„„sni which 

This type of backache is produced by muscle imbalance an the 

increase the tension within the quadratus lumborum fascia viti uec mani- 

twelfth thoracic nerve, as in the scalenus anterior syndrome. le jjjygdes 

fested by pain with radiation along the course of this nerve. m a become 

become weakened by lack of use, and the overworked saciospina is . pgjyjg, 
contracted with an increase of lumbar lordosis and anterioi inc ina ion ]g„-. 

The history^ given by the patient is quite characteristic. t is ® is 

back pain of several years’ duration, which is localized in tie cies jj.yadder sur- 
unilateral. If the pain is right-sided, in many The discomfo’’*' 


gery, or urological instrumentation have been resorted to nitliout re 
continues at night as well as during the day. 
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lAaniin.itioii leveaK iiipi eased lumbai loidosis, postuial scoliosis, and tilting of the 
pehis with abduction of the lowei extiemity, internal rotation of the thigh, and maiLed 
pionation of the foot Theie is often Inpeiaesthesia ovei the cutaneous distribution of 
t ho tw elft h thoi at ic and fii st lumbai nci ves Tendei ness along the tw elfth rib is elicited 
TendeinO'S and hvpeiaesthesn aie obseived paiallel to Poupait’s ligament, the uppei 
mnei aspect of the thigh, and paiaveitebialh ovei the twelfth thoiacic and fiist lumbai 
tiansveise piocosscs 

The tieatment is lathei simple and consists of raising the heel of the abducted e\- 
tiemity to oteicome the pelvic tilt This lelaxes the quadratus lumborum and allows 
the 1 lb to retui n to noi mal position, i esulting in coriection of the scoliosis and disappeai- 
ance of the mteinal lotation of the thigh Exercises foi the development of the ab- 
dominal muscles and the saciospinalis gioup aie given — 0 C Hudson, i\f D , Hemp 
stead, Heir YaiL 


CniTiQUE ON THE Inter-relationships OF THE OsTEOGENic TuMORs Slieldon A Jacob- 
son The American Journal of Cancer, XL, 375, 1940 

Undei the above title the authoi piesents an elaboiate analysis of the vaiious theo- 
I les of the histogenesis of bone tumors, and offeis his ow n classification, based upon tissues 
of origin The classification is developed accoiding to the following scheme 


TISSUE or ORIGIN 
Notochoid 

Undiffeientiated connectue tissue 
Peiiosteum 
Medulla! y stioma 
Nairow fat 


BENIGN TUMOR 

Chotdema 

Fibroma 

Fibioma 

Lipoma 


MALIGNANT TUMOR 


Fibrosarcoma 

Fibiosarcoma 

Liposarcoma 


Cartilage 


Enchondioma 


Chondiosaicoma 


Skeletoblastic mesenchyme 

Perichondimni Ecchondrosis 

Periosteum of enchondral bones Cai tilagmous exostosis 

Pei losteum of membranous bones Ivory exostosis 

Endosteum Osteoid osteoma 

Giant-cell tumor 


Chondrosarcoma 
Osteogenic sarcoma 
(chondroplastic tjpe) 
Chondrosarcoma 
Osteogenic sarcoma 
(variable type) 
Osteogenic sai coma 
(osteoplastic type) 
Osteogenic sarcoma 
(osteoplastic type) 


The classification is compaied w itli otheis in the liteiatuie in a ciitical leview An 
extensive bibliography is appended — Granlley TP Taijlot, M D , Boston, Massachusetts 


The Management of Scoliosis Fiedeiick vom Saal The Anuncan Journal of Surq- 

ery, LII, 433, June 1941 

Etiological factors m the vaiious tjqies of scoliosis are discussed as paraljtic, idio- 
pathic, thoiacogenic, neuiopathic, and congenital In the treatment of the postpolio- 
myelitic curves, it was found that if the curve was progressing before application of the 
brace, it w'ould continue to do so aftei application of the brace The majority of curves in 
the idiopathic group stopped progressing before cessation of grow th F usion w as done m 
forty-one patients in a group of 174 w ith the various tj-pes, the patients w ith postpolio- 
myelitic scoliosis predominating Many of these will need fusion for the prevention of 
deformity The author uses the Risser tj-pe of jacket, w ith certain modifications The 
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jacket is applied with the patient in the ninxiniuin bending position toward the concave 
side of the prininr 3 ' cuiwc, thus straightening the compensatorj’ curves, producing one 
long curve, and dorotating the sccondarj' curves, making the patient straighter and more 
comfortable. Hinges and turnbucklcs arc then used for correction. A second modifica- 
tion consists of later rotating the upper part of the cast, so as to bring the shoulder on the 
convex side of the primarj' curve forward, after first removing the hinges and tumbuckles. 
This aids in the correction of rib deformitj' and brings the spinous processes into a more 
nearlj’ vc'rtical position — idlowing greater ease of operation in the later spine fusion, 
and better cosmetic re.sults. This docs not appl}’ in long-standing cases with severe 
rotation of the vertebral bodies. The fusion area is determined bj' studies of the im- 
mcdiatelj- preoperative roentgenogram. 

The operation is ])crformed in the usual manner, using the modified Hibbs or Mac- 
kenzie Forbes technique, fusing six or seven vertebrae at one time, and using additional 
bone chips in all cases. Preoperative and postoj)crntivc care arc discussed. Cusiis Lee 
Hall, M.D., WashingUm, I). C. 


Dislocation or Tin; CnnvicAL Spine, Necessit.ating Fix.\tion -\t Open Operation. 
.lames P. Ainslie. The Anxtralian and New Zealand Journal of Surgery, X, 77, 1940. 
The author d&seribc.s a case of forward subluxation of the sixth on the seventh cervi 
cal vertebra. The patient had limitation of neck motion, and tingling and pam in the 
area of distribution of the seventh cervical nerv&s. With the patient under genera 
anae.sthc.sia and the use of a force of seventj' pounds for fortj'-fivc minutes, i vas im 
possible to reduce the dislocation. At open reduction the articular facets vere ever 
into place, but, in spite of jilastor immobilization, the di.slocation recui^re a , , 
weeks. Tliis time at open operation, two flanged plates were ; 

maintain the reduction even during forcible flexion of the head. Dante . e > 
Chicago, Illmois, 


The Treatment of Eecent Fractures of the Neck of the ^^^Jnumal of 

TERic Osteotomy. A. L. Dawkins. The Australian and New jcaan 

Nurperf/, X, 244, 1911. . „r in 

Since it is gcncrallj' conceded that there are at least 10 to ufjochanteric 

hip pinnings from various causes, the author presents a review o le 
o.steotom.v as the treatment of recent fractures of the fenioia nec '. the patient 
likely to occur as a result of the osteotomy; and, even should it not occu , 
still has a satisfactoiy hip, except for a slight amount of shortening an , .jjgjgyel 
duct the limb beyond the neutral position. The osteotomj' is 1 1 
of the lesser trochanter, permitting the shaft to be displaced me la 1 three months, 
acetabulum. With the leg in abduction, a single hip spica is ^se 
Since Whitman’s method of reduction and immobilization yie s . r .gj.y j-gsults 
70 per cent, good results, an immediate osteotomy which wt Levinlhal, M.D., 

in almost 100 per cent, of cases is certainly to be preferred. ante 
Chicago, Illinois. 

Fracture of the Neck of the Femur: Pros and Cons 

The Australian and New Zealand J oumal of Surgery, ^ , whitman method of re- 
in j'ounger patients, the author is more inclined to use e pJ^tients, a nailing 
duction and immobilization, whereas in older and moie ® ^ control is most essen- 

is preferable. In the operative technique, good roentgenogri^ n osteotomy 

tial, and, where available, it shortens the operative ime. Aseptic necrosis, 

is a procedure to fall back upon in cases of The author describes 

arthritis, and non-union are not due to the effects of t e nai • ^ ^^^oebY 
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a markedly debilitated woman, sixty-three years of age, who withstood the nailing very 
well, but in whom marked degenerative vascular disease with gangrene of the feet de- 
veloped. She died four months following the pinning; yet at necropsy, the femoral 
neck showed excellent union with restoration of the trabeculae, in spite of the fact that 
the patient’s arteriosclerotic vessels produced a gangrene of both lower extremities. — 

Daniel H. Levinthal, M.D., Chicago, Illinois. 


L. ^ PATELECTOMIA EN EL TRATAMIENTO DE LA L0XACi6n HECIDIVAMtE DE LA r6tULA 

(Treatment of Recurrent Dislocation of the Patella by Excision of the Knee Cap). 

Oscar R. Marottoli. Bolelines de la Sociedad de Cirugla de Rosario, VII, 223, 1940. 

This is a very excellent presentation of the subject of recurrent dislocation of the 
patella. The author believes that it is an anatomical alteration in the structure of the 
knee joint which allows this displacement of the patella. He feels that the patella is a 
bone which is gradually being done away with in the evolutionary process of man, and 
that it is therefore of no use and can be resected with impunity. The various mechanical 
factors which play a part in the dislocation of the patella are discussed. The author has 
made tests of muscle strength on patients who have had their patellas removed, and he 
feels that the strength of the leg is not decreased at all by this operation. The author’s 
technique for removal of the patella is described in detail, and it consists in simply ex- 
cising the bone, and repairing the defect by stitching the aponeurosis across on each 
side, and then the quadriceps and patellar tendons. He presents six patients whom he 
has treated by this method, several of whom have been followed for well over a j'ear. 
The end results in all of the cases have been excellent, the patients having strong knees 
and no tendency to any further trouble. The case histories and follow-ups are presented 
in detail. The article is illustrated with excellent photographs showing the end results 
in the patients treated. The article offers another and apparently very useful operative 
procedure for the treatment of recurrent dislocation of the patella. — Louis W. Break, 

M. D., El Paso, Texas. 


Thaualatic Expulsion of Astragalus. H. J. McCurrich. British Journal of Surgery, 

XXVIII, 611, 1941. 

This is the history of a boatswain on a steam trawler which struck a mine. The 
patient was bloivn into the air and then fell into the water. On examination at the 
hospital it w'as found that he had a large gaping wound on the inner side of the foot 
with rupture of all the tendons, vessels, and nerves. The astragalus was missing. Am- 
putation was done through the lower leg, and the patient recovered. 

The mechanism of this dislocation is discussed. In this case it was due to a trauma 
delivered from below rather than to a fall from a height, which is the usual mechanism. — 

E. M. Daland, M.D., Boston, Massachusetts. 


The R6le op Vitamin D in the Calcium Metabolisji in Osteomalacia. S. H. Liu. 

Chinese Medical Journal, LVII, 101, 1940. 

The author observed that the fundamental defect in osteomalacia is due to e-xcei^ive 
loss of calcium through the gastro-intestinal canal. The amount of calcium lost by this 
method may not be great on the daily basis, but if such a loss occurs for a period of time, 
skeletal decalcification will result. The disease may also occur during periods of in- 
creased demand for mineral, especially during pregnancy or lactation. The author feels 
that disturbance in absorption of calcium in the intestinal tract is due to vitamin-D 
deficiency. After administration of vitamin D, intestinal absorption of calcium im- 
proves, with a decrease of calcium output in the stool and urine. Seven cases have been 
treated b 3 ’- vitamin D in the form of vigantol, and a high-calcium diet. Most of the pa- 
tients showed marked improvement. — Fuang Salyasnguan, M.D., loica City, Iowa. 
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Congenital DisLOfATioN oi- the JLidius. C, M. Meng. Chinese Medical Journal 

LVII, ^J79, 19-iO. 

From tliis review of tlie literature it is seen that congenital dislocation oi the radius 
is a rare condition, seen more frequently in the male, with the posterior variety supposed 
to be more common. The etiology is unknown. Some believe that defective constric- 
tion or development of tlic radiohumcral joint is of significance. It is also believed that 
heredity is an important factor in the etiology of this condition. In the treatment, re- 
duction is contra-indicat cd in the great majority of cases. Pressure necrosis may develop 
when great pra'^surc has been e.vcrted dtirinp the manipulation. Many of these cases 
require no treatment, Init when the function of the elbow is very much limited, resection 
of the upper end of the radius is the treatment of choice . — Fiiang Salyasnguan, M.D., 
loxra Cil’i, I men. 


TiiEAT.uENT OK FuAcruiiE OI' THE Patklla 7)y Kxcisio.v. Hou Cli’iin-chili. Chinese 
Medical Journal, LVII, ‘1S2, 1910. 

The author claims that excision treatment of the fractural patella lessens theperiod 
of convalescence, so that the patient can return to work earlier — two to six weeks after 
operation — than when other methods are used. He points out that the knee joint still 
preserves its normal function after removal of the patella. lie also describes the method 
of operation . — Fiiang Fah/asngitan, M.D., Joira dig, Imra. 


One IIunduku (100) Cases ok Autiiuitis '■I’iie.ited with a CoMPAUATireLy Xo-v-Toxic 
Gold Co-MPOund. R. E. Driscoll and D. E. Markson. Illinois Medical Journal, 
LXX\'Iir, o03, 1910. 

The authors cite the work of Mollgaard and Wakcrlin who showed that sanocrysin 
(gold-sodium-tliiosulfatc), tlic commonlj' used gold salt in the tre.atment of arthritis, 
is .six times a.s toxic to ralibits ns aurol-.sulfidc, a .stable aqueous solution of colloidal gold 
.sulfide. Figured in terms of metallic gold, actually fourteen and one-lmlf unite of auro - 
sulfide are needed to produce the to.xic eficcts of one unit of sanocr 3 'sin. This ratio 
indicates that colloidal gold sulfide is relatively non-toxic, and larger doses of actual go 
m.ay be given in the form of colloidal gold than in the form of cr 3 fstalloid salts of go c • 
I’he authors treated fift 3 ’-onc jiaticnts with atrophic, and fort 3 '-nine with 
trophic, arthritis b 3 ' intramuscular and oral administration of aurol-sulfide. 
patients were divided into three groups whicJi received vaiying amounts of go pe’ 
patient. Toxic reactions were observed in onl 3 ’^ two patients, who were also receiving 
injections of bismuth and arsenic while under the gold-sulfide treatment. ^ 

As a result of this treatment, twcnt 3 '-one patients, or 41 per cent, of the 
fift3^-one with atrophic arthritis, and nineteen, or 39 per cent, of the group o oi ^ 
patients with hypertrophic arthritis, “were definite^' improved for the perio o 
observation ”. The authors do not state just what this improvement was. ^ 

The writers state that this is merel 3 ' a preliminar 3 ’’ report with the ^ 

of ascertaining the degree of to.vieity of colloidal gold sulfide. The 3 '' 
improvement when largei- doses of gold were used. — M. S. Friedman, M. ., o 
Iowa. 


Sites of Election for Amputation. (Chapter III of a Handbook on pu 
preparation by the Council on Physical Therapy of the ig40 

tion.) The Journal of the American Medical Association, CX^ , ’^nutation re- 
This chapter deals with amputations of the lower extremit 3 L oe a 
suits in little or no disability and requires no prosthesis. _ metatarsal 

Metatarsal amputation sacrifices the normal weight-bearing region o j^j^gnumente 
heads. A plantar flap compensates somewhat by retaining so iss 
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:ul!ii)ted to w eight-bciiring. Muscular control of the arch is somewhat less efficient, due 
to loss of the plantar muscles. Leverage and function, consequently, are lost as the site 
of amputation is moved backwards. Lisfranc’s amputation is as far back as one should 
go. Chopart’s amputation is to be condemned as the stump usually goes into an equinus 
deformity. 

Symes’ and Pirogoff’s amputations require careful surgical technique and neither is 
likely to succeed in the presence of infection. 

The optimum site for amputation of the leg is from five to seven inches below the 
knee joint. 

Amputation through the knee joint has fallen into disuse. 

The osteoplastic method of Gritti-Stokes, and the tendinoplastic methods of Cal- 
lander, and Kirk are satisfactory early, but often come to re-amputation at a later date. 
They are also difficult to fit with prostheses. 

In amputation through the femoral shaft, as much of the bone should be spared as 
possible. 

Disarticulation should be done only as an absolute necessity. 

In amputation of the upper extremity as much of the hand should be preserved as 
possible for later reconstruction. 

The forearm should be amputed at the junction of the middle and lower thirds. A 
terminal scar is satisfactory. — Maurice Jacobs, M.D., Dallas, Texas. 


Early Diagnosis of Malignant Metastases to the Spine. A Clinical Syndrome. 
Samuel A. Wolfson, Samuel Reznick, and Lewis Gunther. The. Journal of the Amer- 
ican Medical Association, CXVI, 1044, 1941. 

The authors report seven cases of malignant metastases to the spine with especial 
emphasis upon the importance of an early diagnosis and the methods of obtaining it. 
The 3 ’’ believe that it is possible to obtain a definite clinical diagnosis in manj'' cases long 
before roentgenographic evidence is available. A triad of diagnostic criteria is pre- 
sented: (1) the appearance of radicular pain, persistent and increasing, limited to a nar- 
row zone supplied by one or two roots, and associated with deep percussion tenderness 
over the spinous processes of the vertebrae bounding the interspaces through which these 
roots emerge; (2) elevation of the erythrocyte sedimentation rate which appears early, 
even before changes in the hemogram, and which does not vary proportionately with the 
amount of marrow involvement; and (3) an increase in the serum-phosphatase level. 
The authors point out that serial serum-phosphatase determinations may show a signifi- 
cant progressive increase, even though at first examination the values were nearly normal. 

Thus, any case in which these criteria are fulfilled may be strongly suspected to be a 
metastatic lesion of the spine, and, in the presence of a known primary lesion, the diag- 
nosis may be definitely established in the face of negative roentgenographic evidence. 

The importance of roentgenotherapy in the relief of symptoms, retardation of the 
process, and prolongation of life renders such earlj'^ diagnosis imperative. — S. L. Stovall, 
M.D., Dallas, Texas. 


Calcification of the Supraspinatus Tendon. A New Treatment. G. F. Dick, 
L. W. Hunt, and J. L. Ferr 3 L The Journal of the American Medical Association, 
CXVI, 1202, 1941. 

The authors in this article discuss the etiolog 3 '-, S 3 "mptoms, and physical findings in 
calcification of the supraspinatus tendon, and present a new method of treatment which 
they have found beneficial in several cases. 

Contrary to the popular theor 3 ^ that calcification is due to frequent trauma, the 
authors express the view that calcification ma 3 ’- be due to some other factor, nameb', a 
focus of infection. Although this theory is unsupported, s 3 ’mptoms have subsided fol- 
loiHng removal of focal infections. 
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The symptoms and physical findinRs vary with the onset, whether acute or chronic. 
In both types there is usually jiain over the apex of the shoulder, which radiates down the 
anterior aspect of the arm or to tiic side of tiic neck. In the acute form there is consid- 
erable muscle spasm, associated with a varying degree of limitation and e.xternal rota- 
tion. It is emphasized that failure of roentgenographic examination is due to improper 
placement of the tube. 

In the treatment of these individuals surgery is questionable, and excellent results 
have been obtained by medical management which comsists in (1) relatively large doses of 
ammonium chloride, (2) rest of the disea-sed part, and (3) physiotherapy and the removal 
of foci of infection. Ammonium chloride lowers the hydrogen-ion concentration of the 
blood, thus causing an acidosis of mild degree which in turn causes an absorption of cal- 
cium from the tendon. It is given in doses of one gram or more four times a day. Rest 
of the part is assured by a properly apjjlied arm sling during the daj', and by resting the 
arm on a i)illow in abduction at night. Pli}’.siotherap\’ should consist in diathermy. All 
foci of infection, for example, tonsils, dental infections, prosbititis, ct cetera, should be 
remo\'cd. — S. L. Slovnll, M.D., Dallas, Texas. 


PunvENTiox AND TnEAT.Mi'.NT 01' iNi'ncTioN'.s oi' THE IIand. Sumiier L. Koch. The 
Journal of the American Medical Association, CXVl, 1305, 1941. 

In reviewing and summiirizing the results of treatments of open hand wounds sus- 
tained by workers in a manufacturing plant located approximately one mile from 
the hospital with which he is afTiliated, the author found that there were sixty-nine 
such injuries in the past six 3'ears. The first-aid rules of the manufacturing plant were 
followed. 

Of fortj’-seven of these patients who arrived at the hospital immediately after trauma, 
the injurj' of onlj' one failed to heal bj' primarj' intention and without infection. There 
were twentj’-three patients in whom infection occurred, and in every instance, except t le 
one just mentioned, the cmploj'ce had failed to report until an average period o ree 
daj’s after the injurj'. , 

The author strcs.scs the imint that all wounds should be cared for at t e ime o 
accident bj' placing only a sterile drj' dressing over the wound, and sending t le pa len 
immediatelj' to the hospital. . . j 

The first question in regard to infections is whether the infection is ' , 

spreading or localized. After correct diagnosis, it is treated accordingl}’’. 
tissues should be splinted ; this is usuallj' best done bj’’ a light aluminum sp in w ic ^ 

be molded into desired shape and can be sterilized and incorporated into 

D. K. Barnes, M.D., Dallas, Texas. 


Multiple Hemangiomas of Bone, Probably Congenital. John ’ . , ■ „ 

Farber, and John Eager Howard. The Joxtrnal of the American 3 c tea 

CXVI, 2145, 1941. i-nirian’s most 

Diffuse osteolytic lesions of the skeletal system are often among e c ' ^ 

difficult diagnostic problems. Even microscopic examination of . lesions 

inconclusive for exact diagnosis. A patient was recently seen wit i w i ^ 

in which the correct diagnosis wms established only by biopsy. T le pa le j-oentgeno- 
male who, from all physical and clinical evidence, wrns normal excep or 
graphic findings throughout his entire skeletal sj'stem, with the ' „„njjn3tion, 
below' the knees and below the left elbow. A very thorough an comp 
including a vast amount of laboratory work, fa,iled to reveal any a nor jjj^jjtho- 

Diagnosis was made by biopsy of a rib. Differential dia^osis osteitis fibrosa 
matosis diffuse, and osteitis fibrosa cystica (hyperparathyroi mh gondi- 

disseminata. The one question of most importance to the pa len is jon over a 

tion is progressive or not. In the case reported there had een 
five-year period. — D. K. Barnes, M.D., Dallas, Texas. 
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Amputation in Congenital and Chronic Disabilities. Council on Physical Therapy. 

The. Journal of the American Medical Association, CXVI, 2159, 1941. 

Almost every community contains one or more persons severely crippled by chronic 
disability, either congenital or acquired, for whom the question of amputation has to be 
considered. Most of these cases can be classified under any one of the four headings: 
(1) congenital deformity, (2) posttrauinatic deformity, (3) paralysis, and (4) infections. 

The Council on Physical Therapy has made it very clear that amputation is a suit- 
able procedure in many cases, but it must be given thought in all cases; this also applies 
to reconstructive work. There should be sufficient far-sightedness before subjecting the 
patient to many operative procedures, to judge whether or not the patient will be truly 
benefited. — D. K. Banws, M.D., Dallas, Texas. 


The Kenny Treatment op Infantile Paralysis. A Preliminary Report. Wallace 
H. Cole and Miland E. Knapp. The Journal of the American Medical Association, 
CXVI, 2577, 1941. 

The authoi-s make a preliminary report on the treatment of twenty-six patients with 
acute anterior poliomyelitis as carried out by Miss Elizabeth Kenny under their observa- 
tion. Of this number twenty received the Kenny treatment within two weeks of onset. 
Eleven have already been discharged completely normal, and it is expected that five of 
the others will recover completely within a reasonably short period of time. One has 
paralysis of both legs which will probably be permanent. 

Of the six patients on whom the Kenny treatment was started from two weeks to 
two months after the onset of the disease, two have been discharged as permanently 
well, one will probably have permanent paralysis of one arm, and two are quite likely to 
have some degree of permanent paralysis. 

The principle of the treatment is to combat the muscle spasm, muscle incoordina- 
tion, and mental alienation which Miss Kenny believes are the cardinal symptoms of the 
disease. No splints or casts are used. Especially prepared hot foments are applied 
until the muscle spasm has disappeared. Passive movements through the range of 
motion possible without pain are carried out several times a day. In addition, an at- 
tempt is made to maintain awareness of the part b5' training once or twice a daj"^ as soon 
as muscle spasm is sufficiently reduced. As the pain is reduced, the muscle training is 
increased to maintain normal nerve pathways and to restore those which are damaged. 
By the time the patient is ready to be released from the contagious ward, the pain and 
spasm are usually gone. Periods of muscle training are carried on twice a day until the 
patient is normal or ready to be discharged from treatment. — Brandon Carrell, M.D., 
Dallas, Texas. 


Compression Treatment of Crush Injuries op Limbs. David H. Patey and .1. 

Douglas Robertson. The Lancet, I, 780, June 21, 1941. 

The authors report on their experiences in treating crushing injuries of the extremi- 
ties during bombings of civilian areas. They point out that crushing injuries are often 
followed by a syndrome consisting of shock, oedema of the affected limb, oliguresis or 
anuresis, and generally death. They question that this syndrome is due to the liberation 
of to.xic bodies from the crushed tissues and suggest that the reverse may be true, in that 
on the release of the pressure there is a loss of blood constituents into tiie injured limb. 
On this hjTDOthesis they treated two cases by applying intermittent positive pressure up 
to sixty millimeters of mercury to the oedematous area, using a special large blood- 
pressure cuff and a pavaex motor. In both cases there was an increase in the output of 
urine, a diminution of the oedema, and satisfactori' recover^’. The authors recommend 
that the treatment be given further trial in crushing injuries and in casas where tourni- 
quets have inadvertentljf been left too long in position. — Lenox D. Baker, M.D., Durham, 
North Carolma. 
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Local Concentiiation oe Suli-uonamide Compounds Insekted into Wounds 
Frank Hawknifr. 77ic Loncp/, I, 78(5, June 21, 1941. 

The author (Icscribes an investigation of tlic concentration of sulphonamide com- 
pounds: (a) in tlie wound cavity adjacent to the drug deposit, (b) in the distal parts of 
the wound eavity, and (c) in tlie living and dead tissue forming the sides of the wound. 
He concludes^that sulplianilamide has the advantage of high local concentration (maxi- 
inilligrains per 100 inillilitei-s) and of greater powers of penetration and 
diffusibility, but tlie disadvantages of raihd di.sappearance from the wound and of lower 
iiactcriostatic activity against many of the organisms which may be present. Sulphathia- 
zole persists for a longer jieriod in the wound, and its bacteriostatic activity is much 
higher than that of sulplianilamide, but it has the di.sadvantages of expensiveness, of 
lower concentration (maximum about ISO milligrams ]ier 100 milliliters), and of lower 
diffusibility. Sulphapyridino ]io.«.«o.sse.s no advantage compared with the sulphathiazole, 
but lias the di.sadvantage of producing still lower concentrations. It is concluded that 
if a suljihonainidc compound is placed in the central cavity of the wound it will pass 
outward into the iiroloiigations of the cavity, and it will slowly' diffuse into dead tissue, 
but it will not jicnetratc more tlian a few millimeters into ti.ssue with an intact circula- 
tion. Such tissue is reached more ipiickly and more effectively bj' oral administration, 
as the local aiiplication of each of thc.se compounds is limited to the immediate vicinity 
of the wound cavity. — Lciwt D. Baker, M.D., Diirlintii, North Carolina. 


-•Viu Raid Expehiences in the East End or London. Thomas P. Ho.se. The Medical 

Jourrial of An.slralia, 11, 090, 1910. 

This is an intcn.scly interesting account of the injuries treated by the author during 
the first inontli of tlie bombing of London. Of tlie 12S cases admitted, twenty-four were 
orthopaedic in nature. The most serious were comjiound fractures and perforating joint 
wounds. All of these were duo to crushing by jiicccs of masonry, concrete, or stones, 
with much destruction of muscle and skin. There were no limb injuries due to metal 
flakes from the small slirapncl boinl) common in tlic Spanish Civil War. 

Complicating some of thc.se cases were lung blast and crushing injury to the chest. 
In the former condition the jiatient did not have signs of lung damage until twenty-four 
hours after the bomb explosion. The cases of peripheral-nerve paralysis were caused by 
the concussion effect of blows from flying objects. 

The Orr type of treatment was used for the comjiound fractures. This method has 
been popularized by Trueta in the late Spanish War. In perforation of joints a thorough 
debridement was done, and vaselin gauze was jiacked into the cavity. Non-padded 
plaster casings were then apjilied. In all shrajinel wounds the same type of vaselin 
packing was done, and no closure was attempted. All of the patients were given 3000 
units of tetanus antitoxin. In addition, the routine administration of sulfapyridine 
was carried out as soon as possilile following operation. No case of tetanus, gas gan 
grene, or severe infection develojicd in this series of patients . — Harold M. Childless, 
M.D., Charleston, South Carolina. 


Local Implantation op Sulpiianilamide for the Pretontion and Treatment oi 
Gas Gangrene in Heavily Contaminated Wounds: A Suggested Trbatjibnt 
FOR War Wounds. N. J. Bonnin and Frank Fenner. The Medical Journal oj 
Australia, I, 134, 1941. . 

This experimental work was done upon guinea pigs while the authors weie in lai 
ing with a field ambulance corps of the Australian Imperial Force. Treatmen v as a 

plied in a way which would be practical in war. . +i + ? ral im- 

Nearly all research workers during the past several years have found la o 
plantation of sulphanilamide in early compound fractures has either pievente ® 
delayed infection. There is no local irritation, and the consensus of opinion is 
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drug i)roduccs no tissue diiniiige. Consequently it does not interfere in any way with 
the normal healing. This latter opinion was confirmed by the authors by making deep 
incisions upon guinea pig.s and tlien packing them with tire powdered drug. No dele- 
terious effects were noted. Virulent cultures of gas-gangrene organisms were used to 
infect other fresh wounds. In the treated animals, five-tenths of a gram of powdered 
sulphanilamide was packed into the wound. 

Results showed that locallj' administered sulphanilamide will control infections with 
Clostridium welcliii and Clostridium septique, but has only a slight delaying effect on 
Clostridium oedematiens. With mixed infections, surgery combined with the drug gave 
excellent results. 

The authors suggest a routine treatment for war wounds. About twenty grams of 
the drug should be carried by each soldier. Upon being injured, he should pour the 
powder into the wound before the first dressing is applied. At the casualty clearing 
station proper debridement and indicated surgery would then be done. — Harold M. 
Childress, M.D., Charleston, South Carolina. 


Paralysis of the Serratus Anterior Muscle Complicating Dislocation of the 
Shoulder. George C. V. Thompson. The Medical Journal of Australia, I, 231, 
1941. 

The frequency of nerve injuries complicating dislocation of the shoulder has been 
estimated to be from 4 per cent, to 55 per cent. Watson-Jones has stated that such se- 
quelae appear in about 14 per cent, of such dislocations. The author has had in the past 
three months six cases of nerve lesions in thirteen patients having dislocated shoulders. 

The neural injury is produced by traction upon the brachial plexus or by direct 
trauma to an isolated nerve. The axillary nerve is particularly liable to injury because 
of its exposed course, as is the long thoracic nerve. The writer reports one case of the 
latter with a consequent paralysis of the serratus anterior muscle. The end result was 
not known, as the patient refused to submit to prolonged conservative treatment. 

A detailed discussion of causes, diagnosis, and treatment of other forms of anterior 
serratus palsy is given. — Harold M. Childress, M.D., Charleston, South Carolina. 


ZuR Behandlungstbchnik der suprakondylaren Humerusfraktur (Treatment of 
Supracondylar Fracture of the Humerus). K. Schroeder. Monatsschrifl fiir Un- 
fallheilkunde und Versicherungsmedizin, XLVIll, 52, 1941. 

In a case of supracondylar fracture of the humerus in a child, seven years old, the 
author was unable to obtain a satisfactory reduction by the customaiy method of ma- 
nipulation. He then resorted to a procedure of circumduction of the fragments, bj' 
which the lower fragment was displaced from the posterior to an anterior position. With 
this relationship of the fragments, it was very simple to obtain a proper reduction, which 
resulted in complete function of the elbow after three months of treatment. — R. ./. 
Dittrich, M.D., Fori Scott, Kansas. 


Coxa Plana. Donald B. Slocum. Northwest Medicine, XL, 233, July 1941. 

The author considers coxa plana to be not a disease, but a self-limited syndrome. 
It is believed to be an aseptic necrosis, resulting from an interference with the blood sup- 
ply to the epiphysis. This causes a stoppage of growth, and the continuing growing 
trochanter results in an apparent coxa vara. Of sixty-eight patients, males were four 
times more numerous than females. The average age was eight and twenty-one hun- 
dredths years. 

The treatment recommended is conservative, plus a general health-building pro- 
gram. The patient is kept recumbent with traction during the Gist two stages in recov- 
ery , — that is, the stage of condensation and the stage of fragmentation. It Is not until 

VOL. XXin, NO. 4. OCTOBER 1941 



996 


CUiniENT LITERATURE 


he is well along in the third stage — that of healing— that he is allowed up with braces 
which prevent weight-hearing complctelj'. This jrrolonged conservative treatment 
will provide the di/Terential diagnosis from tuherciilosis. No surgical short cut has yet 
been found to he advisable, although surgery’ may he performed in the third stage — 

Charles Lyle Jlawh, M.D., Los Angeles, California. 


Tiiochanteuic FitACTUitEH OK Till: Femuii. W. B. McKibbin. Northwest Medicine, 

XL, 242, July 1911. 

A method is described of holding trochanteric fractures, especially those fractures 
in which extensive fragmentation has taken place, and where pins through the neck 
and head alone arc insufficient. The author passe.s two pins into the neck and femoral 
head, and these, together with a Roger Anderson half-pin unit inserted below the area 
of fracture, are all rigidly clamped to a bar and enclosed in a plaster cuff encasing the 
femur. The knee need not bo enclosed. The patient is early mobilized. — Charles 
Lyle ITaiel;, M.D., Los Angeles, California. 


PniMAUY Tueat.mk.vt ok Wau Woun’ds. M. N. Akhoutin. Novy Khirurgichesky 
Arkhie, XLV, in.'), 19-10. 

The method of jirimary surgical treatment of field wounds was worked out toward 
the end of the bust century. It was then iindcr.stood as a wide opening of the wound. 
Pirogoff emphasized the imiiortance of deep incisions with indispensable opening of 
muscular fasciae. Later on, Bcrgmann widened the meaning of primary treatment 
by adding to the technique of incisions the removal of blood clots, foreign bodies, ne- 
crosed tissues, and counter incision for drainage. In 1S9S, Friedreich proved that for 
six hours the micro-organisms remain within the confines of the nound, and introduce 
the method of ddhridement. In the Rus.«o-.Iaj)ancse war of 1901 to 1905, when 76 per 
cent, of injuries were from bullet wounds, the method of primary treatment was no 
used. The World War, with a prcixmderance of shell wounds, gave an impetus to t e 
forgotten ddbridement. Friedreich’s findings were e.xperimentally' confirmed by e 
French surgeons, and executed with a high degree of succe.ss. The method consiste in 
a complete excision of the wound with .subsequent primary suture. Since tien, le 
method has found a very wide apiilication in wounds of civil life in the Soviet nion 
where primary healing has been reported in 90 per cent, of several thousand cases. 

However, adherence to a very e.xncting technique is essential. The author la 
opportunity to observe results of treatments without due consideration to m ica ion 
in the battles of the Far-Eastern armies. Disastrous results were obseive v en 
time limit of six to eight hours was not observed and when the wound, after a seeming . 
thorough excision, was closed without drainage. -nnerlv 

The author indicates the physical impossibility of excising the Secludes 

under battle conditions, in which the steady' and large numbers of voun e p 
the possibility of a thorough excision as practiced in civilian hospitals. ven i 
prerequisites for a successful ddbridement were present, the apphea ion o 
would be impossible in all through-and-through wounds with inultip e lac ure 
The author considers also the wounds of the skull, abdomen, and c les , an 

the proper management of these wounds. • + . + I of the ex- 

In order to avoid the mistakes of misapplied ddbridement in lea called 

tremities, rigid instructions were issued to the field surgeons. le ms ru 
for a thorough ddbridement with an economical excision of the s 'in, orrivanol, 

eign bodies and free fragments of bone, application of a solution o c i fractures, 

and immobilization of the extremity’. In the presence of join , , a primary 

excision of the joint is indicated. Where the soft tissues on use of 

suture of the capsule can be effected, but the skin should no e 
antianaerobic sera was apparently not satisfactory. 
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The author notes the verj^ efficient organization of blood transfusions. More than 
7 per cent, of all the wounded received transfusions, and this included almost all of the 
wounded who needed tvansfusions.—Enmmiel Kaplan, M.D., Neiu York, N. Y. 


Le Tkaitement DBS Moignons D’Amputation Douloureux (The Treatment of 
Painful Amputation Stumps). E.-P. Leclerc. La Presse Medicate, XLVIII, 
CG7, 1940. 

The author calls attention to the fact that painful amputation stumps may in general 
be classified into three types, — those characterized by: (1) pain in the stump, itself; (2) 
pain in the amputated limb; and (3) pain of both types. 

Those in the first category are due to painful neuroma, periosteal changes in the 
bone, etc. Following the lead of Leriche, the author strictly advises against reamputa- 
tion or plastic surgery of the nerve. Though novocain injection has proved of value, 
the author urges that the patient should be advised of the possible return of the symp- 
toms. In that event, exposure of the nerve, injection with phenol, amputation of the 
neuroma, and prompt resuture of the nerve are advocated. However, even in this type 
of case considerable improvement has been obtained by the procedure which is specifi- 
cally indicated for cases falling into the second category. 

This second group is that in which the patient experiences exquisite pain in the 
amputated member. Periarterial sympathectomy and novocain injection are of but 
little avail. It is recommended that preliminary injection of novocain into the lumbar 
ganglia, in the case of the inferior extremity, or into the stellate ganglia, in the case of 
the superior extremity, be undertaken for this purpose. If relief of pain is experienced, 
the author recommends ganglionectomy as the procedure of choice. 

In the mixed group the first operation should consist of ganglionectomy, since in 
itself it may serve to eliminate both the local pain and the radicular pain. A suitable 
interval should be permitted to elapse between the performance of the ganglionectomy 
and the amputation of the neuroma, if the second operation is indicated. — Henry Milch, 
M.D., New York, N. Y. 


Technique du Traitembnt Galvanique dans la Paralysie Infantile (Technique 
of Galvanotherapy in Infantile Paralysis). H. Bordier. La Presse Medicate, 
XLVIII, 746, 1940. 

Physiotherapy in the treatment of acute anterior poliomyelitis consists in the use 
of radiotherapy, diathermy, and galvanotherapy. In regard to this latter modality, 
the present technique of immersing the affected part in an electrode bath is completely 
bad. Employed in this fashion, the galvanic current acts by preference upon the healthy 
muscles, whose electric resistance is less than that of the involved muscles. 

In order to achieve the best results, the author suggests that the parent be instructed 
to cany out the treatment. For this purpose he has had constructed a portable dr 3 ' 
batterj^ capable of delivering from eight to ten milliamperes of current at a voltage 
varjdng from zero to forty-five volts. Because the conductivity of heated muscle is 
greater than that of unheated muscle, the author suggests a preliminarj' period of dia- 
thermjL The indifferent electrode should be about 100 square centimeters and should 
be applied at the base of the affected limb. The active electrode should be about 
twenty square centimeters and should be applied bj’' preference over the affected 
muscles or their respective motor points. Whether the active electrode should be 
connected to the positive or the negative pole will be determined bj' the electrodiag- 
nostic tests. If the muscle exhibits a complete reaction of degeneration, with pre- 
dominant response on anodal closure, it is to this pole that the active electrode should 
be connected. 

Treatments should be given daity for ten minutes to each segment of the affected 
limb. — Henry Milch, M.D., New York, N. F. 
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Considerations sun L’Osteodvstuoi’iiie Renale. A i-roi>os d’une Observation 

Nouat;ee 1 ': (Consiclerations on Renal Osteodystropliy). Pierre Guye et Erwin 

Rutishiiuser. Ln Prrssc Mfdicak, XLVIII, 103"), 1940. 

The authors report a case of polycystic kidnej's in which complete studies including 
autojisy were made. They note (hat the nephropathies give rise to a generalized skeletal 
affection which morphologically resembles the fibrous osteodystrophies. These condi- 
tions prc.sent apiiearances .seen in hyperparatlo'roidism, lo^pertlij’roidism, diabetes, 
and metallic poisoning. All arc characterized by an ostcol 3 'sis, fibrous replacement, and 
efforts at reparative sclerosis. Thej’ arc indeed the manifestations of a “demineraliza- 
tion ”, the exact mechanism of which is not understood. 

Attention is called to the fact that von Recklinghausen’s disease and renal osteo- 
dystroplij' maj' be distinguished by blood chemistry’ studies. The former is character- 
ized bj' hj’pcrcalcemia and hj’popho.sphatcniia, the latter by hj'pocalcemia and hj^ier- 
phosphatemia. 

Attention is called to the additional fact (hat though the skeletal lesions are general- 
ized, there maj’ be onl.v local rocntgcnographic manifestations of the disease. This 
inaj' be attributed to small traumata such as may be exercised bj’ muscle pull, etc. — 

Jlcnrn Milch, M.D., New York, N. Y. 

Roentgen Diagnosis oe Posterior Diseocatio.v of the Shoulder. Richard A. 

Rcndich and M. IT, I’oppcl. lladtologij, XXXVI, 42, 1941. 

Thi.s paper calls attention to the infrequenej- of posterior di.«locations of the shoulder 
and the difficulty both of the clinical diagnosis and of their recognition in roentgeno- 
graphic projection made in the anteroposterior plane. 

Stereoscopic vicw.s arc a basic requisite, and a vertical or axial view is of great value. 
In this dislocation, the Ic.sser tuberositj' is rotated and brought into e.xtreme profile 
medially, at the posterior lij) of the glenoid fossa, while the lower third of the fossa is 
exqioscd. The humoral head will be found directed ])ostcriorly and medially. Edwar 
N. Heed, M.D., Sa7i!n ^^onica, Coh'foriiia. 


The Measurement of the Deformity of Alignment Accompanying Fracture. 
Clayton R. Johnson. Radiology, XXXVI, 100, 1941. j r . 't - 

This jiaiier outlines a sj'stcm of measurement for accurately describing the e oi nu^) 
accompanj'ing fracture. Its application to fractures of the wrist, knee, an ' e, c 
caneum, and .shafts of long bones, is illustrated. — Edward N. Rccd, M.D., Santa J omca, 
California. 


Monomelic Medullary Osteosclerosis of Unknown Etiology. Thomas Hon\ 

Radiology, XXXVI, 343, 1941. ^ciated 

This is a hitherto unclassified skeletal lesion, monomelic, asj'niptoma v 

with deformity or alteration in the length of the involved bones. There aie no 
in non-osseous structures, and the laboratorj- findings are normal. medullarv 

The lesion is a diffuse osteosclerosis, limited almost exclusively o le 
portion of the bone. The sclerosis extends ns far as the articular sur j**’®®’ ^ , sclerotic 
joint involvement. Histologicallj’^ the normal spongiosa is replaced y arranged 

bone consisting of compact, irregular segments of immature and a u i^g. 

in a bizarre pattern. The etiology is unknown, but believed to e a co o 
velopmental disturbance of the primitive osteoblastic mesenchyme. , j^yolve- 
scribed. The condition is differentiated from (1) melorheostosis Leii, a .^^,l^ich has 
ment with much periosteal reaction; (2) Paget’s disease, m its en os disease; (4) 

characteristic periosteal involvement; (3) the osseous in c ^ ^ 

neurofibromatosis; and (5) other osteosclerotic lesions. Edwar ■ > 

Monica, California. 
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